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• Abstract (English language) of Fukui et al, "Injection Molding Method 
For Hollow Product," Japanese patent application 05076584, filed 
April 2, 1994, Publication No. 06285895, published October 11, 1994. 
(Tab A) 

• Fukui et al, "Injection Molding Method For Hollow Product, " Japanese 
patent application 05076584, filed April 2, 1994, Publication No. 
06285895, published October 11, 1994. (Tab B) 

• Thomas , " Process For Pressure Assisted Molding Of Hollow Articles , " 
U.S. Patent No. 6,716,387, issued April 6, 2004, from Appl. Ser. No. 
10/085,372, filed February 28, 2002, claiming priority from Provisional 
Appl. Ser. No. 60/272,156, filed February 28, 2001. (Tab C) 

• Berdan, "Multi- Venting Molding Apparatus," U.S. Patent No. 
5,824,261, issued October 20, 1998, from Appl. Ser. No. 677,947, 
filed July 10, 1996. (Tab D) 

• Kaneshi et al, "Mold Apparatus For Process Injection Molding," U.S. 
Patent No. 5,639,417, issued June 17, 1997, from Appl. Ser. No. 
463,268, filed January 5, 1995. (Tab E) 

Fukui et al - Javanese Publication No. 06285895 

This prior art reference is not of record in the Pearson '546 patent. It is 

pertinent for at least the reasons it shows many of the apparatus limitations and process steps 

recited in the 64 process claims of the Pearson '546 patent. Claim 1 of the Pearson '546 patent 

is representative. 

Fukui et al clearly meets the preamble of claim 1 — A process for injection 
molding a hollow plastic tubular article .... 
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Fukui et al meets the first injecting step, including the apparatus limitations 
recited in that step. Figure 1 of Fukui et al shows injection of plastic to substantially fill a 
mold cavity. (Fig 1(3)) The Fukui et al mold cavity has a cone-shaped inlet portion, apparent 
in Figures 1,9, 13 and 14. 

Fukui et al meets the second injecting step, including injecting pressurized gas 
into the mold cavity at the apex, apparent in Figure 1(4), 9, 13, and 14(d). 

Fukui et al implicitly meets the holding step in that holding the pressure of the 
gas and plastic for a predetermined amount of time is a step common to all forms of gas- 
assisted plastic injection molding to permit the walls of the hollow molded article to "set-up" 
in the mold cavity prior to expulsion of fluent resin in the center of the plastic mass in the 
cavity. See Figures 1(4), 9, 13(2), and 14(4), all of which show the walls of the hollow 
molded article to be self-sustaining at the time of resin expulsion. 

Fukui et al meets the allowing step reciting the expulsion of a portion of the 
plastic material into a secondary cavity coupled to the mold cavity. This is plainly evident in 
Figures 1(3) and 1(4) of Fukui et al showing expulsion of a portion of the plastic material into 
a secondary cavity defined by the interior of the retractable float. 

Other embodiments of Fukui et al show subsidiary claim elements of Pearson 
'546, e.g., the "apex" at the exit end of the mold cavity, in Figure 7, compares to claim 4 of 
the Pearson '546 patent. Other details recited in other dependent claims of the Pearson '546 
patent are conventional and do nothing to impart patentability. 
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Thomas '387 

Thomas '387 is § 102(e) prior art based on the February 28, 2001 priority filing 
date of its underlying provisional application. This prior art reference is not of record in the 
Pearson '546 patent. 

Thomas '387 discloses much of the claimed matter of Pearson '546. The claim 
1 step of plastic injection "to at least substantially fill said mold cavity," is clearly taught in 
Thomas '387, col. 4, lines 42-44 ("Plastic delivery preferably continues until mold cavity 20 
is packed to the greatest pressure possible by the present plastic injection process.") The 
claim 1 holding step is described in Thomas '387, col. 5, lines 5 - 7 (". . . it is preferred to 
maintain the pressure within the part for 2 to 10 seconds after injection.") The claim 1 step 
of expulsion of a portion of the plastic material into a secondary cavity coupled to the mold 
cavity, is evident in Thomas '387, Figure 2, where the mold cavity 20 is connected by a 
conduit 14 to a secondary cavity 16. The claim 4 step of expulsion of resin backwardly from 
the mold cavity is likewise shown in Thomas '387, Figure 2. The claim 7 apparatus limitation 
of a valve member in the conduit connecting the mold cavity with a secondary cavity is shown 
by valve 25 in Figure 1 of the Thomas '387 patent. Most every other claim element of Pearson 
'546 is a conventional implementation detail, not an inventive addition. 

Berdan '261 

Berdan '261 is § 102(b) prior art based on its October 20, 1998 issue date. This 
prior art reference is not of record in the Pearson '546 patent. 
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Berdan '261 shows virtually all the process steps of Pearson '546, less only the 
application-specific apparatus limitations of molding tubular products. 

Kaneishi et al '417 

Kaneshi et al '417 is §102(b) prior art based on its June 17, 1997 issue date. 
This prior art reference is not of record in the Pearson '546 patent. Kaneshi et al '417 shows 
all essential steps of molding tubular products with fluid assistance, including the of a mold 
cavity with an "apex" shape, in Figures 12 - 17 and 26-31. It would be obvious to combine 
Kaneishi et al '417 with any other reference that discloses resin expulsion into a secondary 
cavity to realize the processes of claims 1 - 64 of the Pearson '546 patent. 



Separately, it is known in the plastics industry that Cinpres Gas Injection Ltd. 



(the assignee of the Pearson '546 patent) and Mitsubishi Gas Chemical Company, Inc. (the 
assignee of the Kaneishi et al ' 417 patent) have had a long-standing licensor-licensee 
relationship. See http://www.m-ep.co.jp/mep-en/topics/t010401/040101 .htm. 



Date: January 19. 2006 

BROOKS KUSHMAN P.C. 

1000 Town Center, 22nd Floor 
Southfield, MI 48075-1238 
Tel: 248-358-4400 
Fax: 248-358-3351 



Respectfully submitted, 




Robert C.J. Tuttle 
Registration No. 27,962 
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PRODUCT 

{57} Abstract: 

PURPOSE: To obtain a hollow product of excellent quality 
by preventing letting of a pfastb molding materia! 
which easily occurs at an initial stage of injecting m 
3 meuioc* for injection melding the product by infecting 
fluid m the material at ihe stage of injection molding 
th« product 

CONSTITUTION: The method for injection molding a 
hollow pfbtiuct comprisa's the steps of (1) disposing a 
float 13 in a main cavity 12 for -specifying an inner 
surface correlative to a profile shape of the produd to ' 
be obtained, (2) injecting a plastic molding material 22 
toward the.- cavity 12 through a gate 15, (3} moving the. 
float 18 toward an auxiliary cavity 13 while colliding 
the -material 22 with a piston 20 until 5 space forming 
part 21 reaches an end cf tho cavity 13. and Ehen (4) 
casting fluid through a fluid supply ■ passage 18, forming 
a hollow part 24 and feeding excess material 22 from, a 
hob 19 to ihe cavity 13 sido. 
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(57) ABSTRACT 

The present invention provides a process for fluid assisted 
injection molding comprising the step of providing an 
injection molding apparatus having a mold body that defines 
a mold cavity. The process further comprises the steps of 
supplying a quantity of fluent plastic to the mold cavity, 
followed by injecting a fluid into the mold cavity. The fluid 
forms an expanding fluid pocket in the mold cavity, driving 
plastic to the furthest recesses of the mold and ensuring a 
smooth surface finish of the final molded product. A reser- 
voir is selectively connectable to a plastic injection runner, 
and can be opened to the runner to receive molten plastic 
ejected by the introduction of the fluid to the mold cavity. 
When the reservoir is thusly connected, the pressure of the 
fluid forces the plastic through a supply passage, in a 
direction substantially opposite to its initial injection direc- 
tion. 

18 Claims, 2 Drawing Sheets 
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PROCESS FOR PRESSURE ASSISTED 
MOLDING OF HOLLOW ARTICLES 

This Application Claims the Priority of U.S. Provisional 
Application No. 60/272,156 Filed Feb. 28, 2001, 5 

TECHNICAL FIELD 

The present invention relates generally to fluid assisted 
injection molding processes, and more particularly to such a 
process utilizing an overfill reservoir selectively connectable 10 
to a fluent plastic supply line. 

BACKGROUND OF THE INVENTION 

There are a wide variety of gas or fluid assisted injection 
molding apparatuses and processes available in the art. 5 
Injection molding generally comprises injecting a molten 
plastic under pressure (usually by a screw feed injector) into 
a closed two piece cavity. When the part cools, the mold 
pieces are separated and the part removed. There are various 
references to specific pressure profiles to best implement the 20 
molding process, and a plethora of plastic injection molding 
machines commercially available. 

Gas or fluid assisted injection molding generally involves 
injecting gas into the fluid plastic material either during or 2 _ 
after plastic injection to create a hollow within the part. This 
reduces the weight of the part and the cost of material used. 
More importantly, pressurizing the interior of the part forces 
the fluid plastic against the mold surface as it cools. When 
plastics cools, it shrinks, and tends and pull away from the 3Q 
mold surface, leaving unsightly sink marks. The cooling of 
the plastic within the mold also reduces the pressure of the 
plastic within the mold. There are a variety of gas or fluid 
assist controllers and equipment commercially available. 

There is another variation of the injection process known 35 
generally as overflow, overspill, spillovers or similar names. 
This process generally involves injecting more plastic mate- 
rial into the mold cavity than the cavity will hold, and 
allowing material to flow into reservoirs at the remote ends 
of the plastic flow path to receive the excess. If the reservoir 40 
locations are chosen properly, the plastic must fill every bit 
of the mold cavity before the reservoirs are filled, thus 
ensuring complete mold fill out. Again, molding equipment 
utilizing the overflow concept is commercially available. 

Some combinations of overflow and fluid injection have 45 
been attempted, generally to speed the fill out process or to 
intentionally dispel fluid plastic from the part interior to 
create a hollow part. These processes have generally proven 
unreliable (poor repeatability). The typical combination pro- 
cess injects gas at or near the plastic inlet, pushing the plastic 50 
toward the overspill at the far end(s) of the mold cavity. This 
results in a flow of the cooling resin toward a small gate 
located at the opposite end of the cavity. When the resin 
cools, it is much less viscous and tends to resist flowing 
through the overspill gate. The plastic's resistance to shear 55 
also increases with the decrease in temperature, adding 
further resistance to travel through the overspill gate, and 
causing the resin flow to stall at the overspill entrance. This 
"blockage," or area of greater resistance to flow, can lead to 
or cause a number of problems or undesirable conditions, eo 
For example, this situation often prompts operators to utilize 
unnecessarily high gas injection pressures to move the resin 
through the overspill gate. Further, this undesired resistance 
may localize high gloss areas over the channel. 

Typically, when confronted by the resistance of the cool- 65 
ing resin at the over-spill gate, the gas will in effect migrate 
to "thin wall" sections of the plastic part causing quality/ 
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function problems. This is like blowing up a balloon with 
thin spots, the thicker areas will not stretch, causing the thin 
section to overstretch. As a result, parts are characterized by 
an increase in the resin wall thickness as the gas moves from 
the hotter gate area at the point of gas injection (more pliable 
resin is moved along by the gas) to the relatively cooler area 
at the end of the gas channel/entrance of the overspill (less 
pliable resin stays in place and is less affected by the gas). 
Further, if the amount of plastic flowing into the overspill is 
reduced, the amount of space the gas will occupy at a given 
pressure is similarly reduced, thus yielding a part heavier 
than desired. Further still, the use of gas injection at/near the 
point of plastic injection creates a need to have greater or 
even excessive gas injection delay times to insure that the 
hotter resin around the gate/pin is cooled sufficiently that the 
molten resin will not be blown off the gas pin. Similarly, 
longer gas injection delay times would also be necessary to 
ensure that the hotter resin around the gate/pin is cooled 
sufficiently so that the molten resin will not "foam up" 
(become mixed with resin). The higher the gas pressure to be 
used, the longer the injection delay required to avoid these 
problems. 

U.S. Pat. No. 5,204,051 to Jaroschek is entitled "Process 
For The Injection Molding Of Fluid- Filled Plastic Bodies." 
In Jaroschek, a, flowable plastic melt is first injected into a 
mold cavity. After cooling of the plastic melt along the mold 
cavity walls, a fluid is injected in a manner such that the 
still-melted center of the resulting plastic body is expelled 
into a side cavity. Jaroschek states that the process can be 
undertaken in such a way that fluent plastic is forced back 
toward the plastic supply by the incoming fluid. Thus, the 
molten plastic supply could serve as the side cavity for 
receipt of the expelled plastic; however, it is first necessary 
to lift the sprue away from its seat to allow the plastic to 
pass, leaving a quantity of plastic between the sprue body 
and its seat. 

SUMMARY OF THE INVENTION 

In one aspect, an injection molding apparatus is provided. 
The injection molding apparatus includes a cavity for form- 
ing a hollow molded plastic part, a source of fluent plastic 
fluidly connectable to the cavity, and a runner for supplying 
fluent plastic from the source to the cavity. At least one fluid 
injection pin is provided and is mounted to the mold body 
and connectable to a fluid source. A reservoir is also pro- 
vided and is positioned remote from the cavity, the reservoir 
is selectively connectable to the runner via a sub-runner. 
Finally, a valve is positioned adjacent a mouth of the 
sub-runner. The valve is operable between a first state at 
which the reservoir is fluidly connected to the runner and a 
second state at which the reservoir is blocked from fluid 
communication with the runner. 

In another aspect, a process for injection molding of fluid 
filled plastic bodies is provided. The process includes the 
steps of providing an injection molding apparatus having a 
mold body that defines a mold cavity, and a source of 
flowable plastic material fluidly connectable to the mold 
cavity with a supply passage. At least one reservoir is also 
provided and is fluidly connectable to the supply passage 
with a control valve. At least one fluid injection pin is also 
provided and is connectable to a fluid source. The process 
further includes the steps of injecting a quantity of flowable 
plastic into an interior of the mold cavity through the supply 
passage, and cooling part of the injected plastic along the 
walls of the mold cavity, providing an interior of flowable 
plastic melt. In addition, the process includes the step of 
selectively expelling at least a portion of the interior of 
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flowable plastic melt into the supply passage, and selectively end 21 of mold cavity 20, and extends partially into an 

expelling at least a portion of fluent plastic from the supply interior of cavity 20. 

passage into the reservoir. Runner 14 is preferably fluidly connectable to sub-runner 

In yet another aspect, a method of forming a hollow I 8 at its ejection end 17. In the preferred embodiment, 

injection molded plastic part is provided. The method 5 control valve 25 includes a hydraulically-controlled piston 

includes the steps of providing a mold body having a mold Plston 28 P^My has a control surface 29 exposed to 

cavity, connecting a source of fluent plastic to the mold flu ' d P res f re m a hydnulic c y' mder 2 „ 6 > a " d a substantially 

cavity with a runner passage, and mounting at least one fluid cyiindncal end portion 31. Piston 28 has an extended 

injection pin to the mold body, and connecting the pin to a P" ltl0n at ™ h "* e ° d P°?on 31 blocks an open end 23 of 

fluid source. The method further includes the steps of «> sub-rurmer 18, blocking fluid communication between sub- 

• ■ „ nr%tUm , nf i „ t - ■ m „„„ : ntn ( L a runner 18 and runner 14, thereby blocking fluid communi- 

lnjecting a quantity of fluent plastic via the runner into the . • • ^- . . 

mold cavity, and injecting a quantity of fluid into the mold cat,0D between cavity 20 and reservoir 16. Piston 28 also has 

cavity, thereby expelling a portion of the quantity of fluent a retrac,ed P° sitl ° n « wb } ch end P 0 "'™.^ 1 does not block 

plastic to the runner, leaving a hollow plastic body around end ? and lb ,™ iot ' aUows 1 A^d communication 

the periphery of the mold cavity. The method finally « ^ etween ^-runner 18 and runner 14, and can be moved 

includes the step of selectively connecting the runner to a * e ' wee , D 1,5 ,wo ««P«tive positions by controlling the 

reservoir and expelling a quantity of fluent plastic to the ^ drauhc ? res f ure fPP 1 ^ to chamber 26. If desired a 

reservoir biasing spring (not shown) may be positioned in chamber 26 

to bias piston 28 toward its extended position. 

BRIEF DESCRIPTION OF THE DRAWINGS 20 When initiation of a typical pressure assisted injection 

„ . , , • molding cycle is desired, the separable halves of mold body 

FIG. 1 is ■ system level diagram of a pressure-assisted M ^ ckjKd and ^ 3fi ^ 

injection molding apparatus according to the present mven- prefera51y a ^y^^ heat ed plastic supply, and delivers 

ll0Q * fluent plastic to sprue 12 in a conventional manner. In the 

FIG. 2 is a partial sectioned side view of an apparatus 25 embodiment shown in FIG. 2, sprue 12 is rotated to drive 

similar to FIG. 1. molten plastic through delivery shaft 13 and into runner 14. 

nnxATT cn nucrDTDTinM At c y c * e initiation, hydraulic piston 28 should be held at its 

extended position, blocking fluid communication between 

Referring to FIG. 1, there is shown a system level diagram runner 14 and reservoir 16. The rotation of sprue 12 delivers 

of an injection molding apparatus 10 for undertaking a 30 molten plastic to runner 14 and substantially fills runner 14 

pressure-assisted injection molding process according to the relatively quickly, at which point the molten plastic begins 

present invention. Apparatus 10 preferably includes a mold to pass through gate 22, filling cavity 20. During the 

body 19, a fluent plastic source 36, a reservoir 16, and a fluid injection process, the heat and pressure of the plastic that 

source 30. Fluent plastic source 36 is connected via a runner follows through sprue 12 keeps the plastic in the runner fluid 

14 to mold cavity 20 for supplying fluent plastic thereto. A 35 during the injection process. Further, the runner 14 itself 

gate 22 having a restricted diameter preferably connects becomes heated by the continuous flow of molten plastic and 

runner 14 to cavity 20. A fluid injection pin 24, which is helps maintain the temperature of the molten plastic during 

fluidly connected to a fluid source 30, extends into mold subsequent cycles. As the plastic clears the gate, it rapidly 

cavity 20, and can deliver fluid into an interior of cavity 20 loses pressure as it enters the mold cavity, and begins to 

when desired. Runner 14 can also fluidly connect mold 40 cool. It is thus critical to quickly fill the mold cavity to 

cavity 20 to reservoir 16, which is positioned remotely firom ensure a smooth and even coverage of the moid surface, 

mold cavity 20, via a sub-runner 18. Fluid communication Plastic delivery preferably continues until mold cavity 20 is 

between reservoir 16 and runner 14 (and thus mold cavity packed to the greatest pressure possible by the present 

20) is initiated and terminated with a control valve 25. In the plastic injection process. In other embodiments, as described 

preferred embodiment, control valve 25 is hydraulically 45 below, however, plastic injection can be terminated prior to 

actuated with fluid from a hydraulic fluid source 32, filling the cavity entirely. 

however, it should be appreciated that control valve 25 could Once cavity 20 has been packed to the desired condition, 

be actuated by pneumatic, electromagnetic, or some other injection of a fluid under pressure through pin 24 can begin, 

means. In the preferred embodiment, a brief delay is allowed 

Referring to FIG. 2, there is shown a partial sectioned side 50 between the termination of plastic injection and the initiation 

view of apparatus 10 similar to that illustrated in FIG. 1. of fluid injection, allowing the plastic to begin to solidify 

Apparatus 10 preferably includes a conventional threaded- along the exterior mold surfaces, however, fluid injection 

shaft sprue 12 positioned in a delivery shaft 13 for delivering may be initiated immediately after cessation of plastic 

molten plastic to the mold. It should be appreciated, injection if desired, or might even be initiated before plastic 

however, that a different style of extruder, piston, or some 55 injection ends. There are myriad available pins for fluid 

other system for delivering molten plastic might be used. injection, including Applicant's ANP-series gas pin. The 

Shaft 13 is connected to runner 14, which is preferably a initial injection pressure depends upon the size of the part, 

substantially cylindrical passage having a tapered injection the mold, and the size of the desired hollow space. Since the 

end 15 and an ejection end 17. Injection end 15 is positioned initial pressure will occur at a point of substantial fill out, the 

adjacent gate 22 in mold body 19. Mold body 19 is prefer- 60 hollow created by the fluid injection will be the result of: (1) 

ably metallic and has two separable halves (only one is the shrinkage in plastic; and (2) the more complete fill out 

illustrated), which when closed define mold cavity 20. Mold or packing of plastic into the mold caused by the increased 

cavity 20 is illustrated in FIG. 2 as generally tube -shaped, pressure. The fluid most commonly used for the initial 

however, it should be appreciated that mold cavity 20 might pressurization is compressed air, however, it is contemplated 

have any of a great number of different shapes, depending on 65 that other fluids, for example compressed nitrogen gas or 

the desired shape of the part to be molded therein. Fluid water, may be preferred for particular molding applications, 

injection pin 24 is preferably positioned at a downstream The fluid may be heated, chilled, or injected at ambient 
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temperatures. The injected fluid creates an expanding pocket supply, the lesser-cooled portion of the melt positioned 

or hollow in the mold, and the consequent rising pressure of closest to gate 22 is ejected first, with the more downstream 

the fluid drives plastic to the furthest recesses of the mold, portion of the melt ejected later. Thus, with the hotter and 

forcing the plastic relatively tightly against the interior mold less- viscous plastic ejected first, initiation of ejection is 

surfaces. In order to ensure an even part thickness and to 5 easier than in systems that eject the cooler plastic first. This 

maximize the quality of the surface finish, it is preferred to is particularly advantageous where, as in the present 

maintain the pressure within the part for 2 to 10 seconds invention, the bleeding of fluid plastic is delayed to allow for 

after injection. It should be appreciated, however, that the adequate surface curing of the part, thus decreasing the 

pressure might be lowered or raised during this dwell fluidity of the plastic on the interior of the part, particularly 

portion of the cycle. Further, additional fluid may be injected 10 at the points remote from the gate. Bleeding the most fluid 

to maintain cavity pressure lost due to plastic cooling and plastic from the mold first is the most efficient way to 

shrinkage remove the greatest amount of still cooling fluid plastic and 

During'the filling of cavity 20, the injected plastic begins e j ec,ion ™ lh ™ 1 ,h f Dee <! for e * ces ? ivel y 

i u . . i u j i*u i j- ♦ high fluid miection pressures. This also reduces the chance 

to cool, resulting in partial hardening or the plastic adjacent /• i ,„ ,• lU n n 

tl _ . , f, r *i * o li w of more-cooled/less- fluid plastic impeding the flow of less- 

the internal mold surfaces, yet leaving a flowable, molten 15 cooled/more . fluid plastic toward a J thr0 ugh the gate. Since 

plastic melt portion in the center of the molded article. In ^ m 24 ^ located at me femote efld(s) ^ cavityj 

addition to cooling and hardening of the plastic at the there fa alsQ less chance of fiashin or fluid plastk encroach . 

exterior of the molded article, the melt portion in the center mem int0 me pin Further stiU( when mQner 14 is packed 

of the mold undergoes a degree of cooling. In the embodi- ^ tne ejected plastic material, the cooler and more viscous 

ment shown in FIG. 2, once mold cavity 20 is substantially 20 p 0rtion of the me lt will occupy the upstream side of gate 22. 

filled, the plastic which has remained in the mold longest, Thus, upon opening of the respective halves of mold body 

and thus undergone the greatest degree of cooling is the 20 to remove the molded part, the plastic immediately 

plastic filling the mold cavity closest to its downstream end adjacent the mold cavity (at runner 14' s injection end 15) is 

21. Consequently, the downstream volume of the interior relatively cooler and firmer than the plastic at the opposite 

melt portion is slightly cooler and more viscous than the 2 5 eQ d 1? °f runner 14. This partially cooled plastic separates 

volume closer to gate 22. more cleanly from the molded part than hotter, less viscous 

Because valve 25 preferably remains closed during plastic P lastic would, resulting in a cosmetically superior molded 

and fluid injection, the pressure in the molding apparatus can V^l 

build considerably during injection of fluid. When the It should be appreciated that the fluid may be injected via 

desired dwell time has elapsed, valve 25 is hydraulically 30 pin 24 prior to opening of valve 25, then halted, allowing the 

actuated, opening fluid communication between runner 14 built-up pressure to drive plastic from the mold when valve 

and sub-runner 18. Because mold cavity 20 is under pressure 25 is opened. Alternatively, fluid may be injected before 

from the injected fluid, the opening of valve 25 causes the opening valve 25, as well as after the valve is opened. A third 

molten plastic in runner 14 to begin to flow through sub- alternative involves initially supplying fluid to cavity 20, 

runner 18 toward reservoir 16. As plastic flows through 35 halting the fluid supply while a quantity of plastic is ejected, 

runner 14, molten plastic (the interior melt) begins to flow then again supplying fluid after a main portion of plastic has 

from cavity 20 through gate 22, and thenceforth to runner been ejected. Related schemes could be undertaken wherein 

14. In a preferred embodiment, the volume of runner 14 is valve 25 is operated to allow an initial pressure buildup (held 

approximately equal to or greater than the volume of molten closed), followed by a pressure drop (opened), then followed 

plastic expelled from cavity 20. There are at least two 40 by another build (closed). The various possible fluid injec- 

advantages in bleeding off the fluid plastic by opening the tion schemes are available for different mold and plastic 

run-off reservoir after pressure has been built up in the mold characteristics, and considerable variation on the presently 

cavity. First, the movement of fluid plastic material is disclosed processes is possible without departing from the 

initiated after a cavity is established within the part. This scope of the present invention. For instance, any of the fluid 

results in a more even wall thickness of the molded part. 45 injection events could be undertaken with either a gas or a 

Further, this results in a more laminar flow of the fluid liquid, for instance water. The plastic injectors, mold 

plastic core, which results in more uniform part production. cavities, runners, and cylinders are all known in the art. 

The distinction is somewhat like comparing the Suitable injection pins such as Applicant's ANP series gas 

un-pressurized bleeding of fluid lines to purging the lines pin or multi -fluid pin are commercially available, as are fluid 

with a burst of air. Although the interior surface quality of 50 injection controllers, such as Applicant's LGC series gas- 

the molded part is not critical, the purpose is to leave as assist controller, which can adjust the pressure and timing of 

uniform a deposit of plastic as possible upon the mold fluid introduced into the chambers. 

surface. The second advantage is that the dwell time allows It should be understood that the present description is for 

the part surface to set up before the remaining fluid plastic illustrative purposes only and should not be construed to 

is bled out, and thus the part surface is more resistant to the 55 limit the scope of the present invention in any way. Thus, 

shear forces resulting from the flow of the fluid plastic those skilled in the art will appreciate that various modifi- 

toward the runner. cations could be made to the presently disclosed embodi - 

Once the desired quantity of plastic has been evacuated to ments without departing from the intended spirit and scope 

reservoir 16, valve 25 is closed, allowing runner 14 to of the present invention. Other aspects, features, and advan- 

become packed with any additional plastic ejected from the 60 tages will be apparent upon an examination of the attached 

mold. It is preferable to locate the fluid injection pin or pins drawing figures and appended claims, 

at a point or points in the mold most downstream of the gate, What is claimed: 

while still allowing for a desired part thickness, as the 1. A process for injection molding of fluid filled plastic 

drawing Figures illustrate, although it should be appreciated bodies in an apparatus having a mold cavity and a separate 

that the pin might be positioned elsewhere. Because the 65 fluid reservoir, the process comprising the steps of: 

preferred arrangement ejects the interior melt from mold connecting a source of flowable plastic material fluidly to 

cavity 20 in an upstream direction, i.e. toward the plastic the mold cavity with a supply passage; 
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positioning at least one fluid injection pin partially within 10. The process of claim 9 wherein said portion of the 

the mold cavity, the fluid injection pin being connect- interior of flowable plastic flows from the mold cavity in the 

able to a fluid source; direction of said injection of flowable plastic. 

injecting a quantity of flowable plastic into an interior of 11. The process of claim 9 wherein said portion of the 

the mold cavity through the supply passage; 5 interior of flowable plastic flows from the mold cavity in an 

cooling part of the plastic melt along walls of the mold upstream direction opposite the direction of said injection of 

cavity, thereby providing an interior of flowable, plastic flowable plastic. 

melt; 12. A process for injection molding of hollow articles in 

injecting a quantity of fluid from the fluid source into the ]Q an apparatus having a mold cavity and a reservoir, the 

interior of flowable, plastic melt; process comprising the steps of: 

selectively expelling at least a portion of the interior of injecting fluent plastic into the apparatus; 

flowable, plastic melt into the supply passage; and injecting a pressurized compressible fluid into the fluent 

selectively expelling at least a portion of fluent plastic plastic, the fluid forming a pocket of pressurized fluid 

from the supply passage into the reservoir. 15 therein; 

2. The process of claim 1 further comprising the step of maintaining fluid pressure in the mold a predetermined 
injecting a second quantity of fluid from said fluid source dufation afler cessation of said fluk) jnjectj 

mto the mold cavity. 

3. The process of claim 1 further comprising the steps of selectively connecting the mold cavity to the reservoir, so 
injecting a plurality of discrete quantities of fluid from the 20 that a P 0rtl0n of the fluent P lasllc flows t0 the reservoir, 
fluid source into the mold cavity. 13 ^ process of claim 12 wherein the predetermined 

4. The process of claim 1 wherein the step of injecting a duration is about two seconds to about ten seconds, 
flowable plastic is characterized by injecting the flowable 14. The process of claim 12 wherein the step of selectively 
plastic material in a downstream direction; and connecting the mold cavity to the reservoir includes actu- 

thestepof injecting a quantity of fluid is characterized by 25 ating a control valve to fluidly connect the mold cavity 

injecting the gas in an upstream direction to eject a therewith. 

portion of the flowable plastic from the mold. 15. The process of claim 12 wherein the portion of fluent 

5. The method of claim 1 wherein said fluid is a com- plastic flows to the reservoir in a downstream direction, 
pressible fluid. 16. The process of claim 12 wherein said portion of the 

6. The method of claim 1 wherein said fluid is a non- 30 fluent plastic flows from the mold cavity in the direction of 
compressible fluid. said injection of fluent plastic. 

7. The method of claim 1 wherein said fluid includes 17. The process of claim 12 wherein said portion of the 
compressible and non-compressible fluids. fluent plastic flows from the mold cavity in a direction 

8. A process for injection molding of plastic bodies in a opposite to the direction of said injection of fluent plastic, 
molding apparatus having a mold cavity, the process com- 35 18. A method for injection molding a part having at least 
prising the steps of: one cav j tv therein, comprising the steps of; 

injecting a quantity of flowable plastic into the mold injecting thermopIastic melt from an in j ection ^ along 

cavitv » a melt flow path into a cavity of an injection molding 

injecting a quantity of pressurized compressible fluid into 4Q tool t0 partially fill the cavity; 

the interior of said flowable plastic in said cavity, , . . , 4 . ., n c . , 

tl _ . r J selectively isolating said melt flow path from said cavity; 

increasing the pressure within said cavity; & r 

selectively connecting the mold cavity with a reservoir a impressible fluid into the thermoplastic melt; 

after cessation of pressurized fluid injection, so that a n 

portion of said flowable plastic flows from the mold 45 selectively connecting said melt flow path with said cavity 

cavity. so that a portion of said thermoplastic melt flows from 

9. The process of claim 8 wherein said step of selectively said cavity, 
connecting is characterized by actuating a control valve to 

fluidly connect the mold cavity with the reservoir. ***** 



i iiiii iiiiiiii in urn iiiii inn mil urn urn urn urn nun m urn mi 

US005824261A 

United States Patent [i9] [11] Patent Number: 5,824,261 

Berdan [45] Date of Patent: Oct. 20, 1998 



[54] MULTI- VENTING MOLDING APPARATUS 

[75] Inventor: Karl Berdan, Midland, Canada 
[73] Assignee: JPE, Inc., Ann Arbor, Mich. 



[21] Appl. No.: 677,947 

[22] Filed: Jul. 10, 1996 

[51] Int. CI. 6 B29C 45/00 

[52] U.S. CI 264/572; 425/130 

[58] Field of Search 264/572; 425/130 

[56] References Cited 

U.S. PATENT DOCUMENTS 

5,078,949 1/1992 Strunk et al 264/572 

5,090,886 2/1992 Jaroschek 264/572 

5,204,050 4/1993 Loren 264/504 



5,423,667 6/1995 Jaroschek 425/130 

5,484,278 1/1996 Berdan 264/572 

5,612,067 3/1997 Kurihara et al 264/572 

FOREIGN PATENT DOCUMENTS 
2287212 9/1995 United Kingdom B29C 45/17 

Primary Examiner — Catherine Timm 
Attorney, Agent, or Firm — Ladas & Parry 

[57] ABSTRACT 

A multiple limbed component is molded in a gas injection 
mold with a corresponding number of outlets. The outlets 
are regulated by valves that are operated sequentially to 
permit progressive expulsion of the excess material in the 
mold cavity. 

5 Claims, 2 Drawing Sheets 
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MULTI-VENTING MOLDING APPARATUS in said inlet passage to control flow of material along said 

inlet passage, an outlet valve in each of said outlet passages 

The present application relates to gas-assisted injection to control flow of material along said outlet passages, a gas 

molding apparatus and methods of performing such mold- injector to inject pressurized gas into said cavity to expel 

m g 5 material therefrom and a control to control operation of said 

Gas-assisted injection molding involves the injection of valves » said closin S said valve duria S injection 

gas into a molding cavity so as to expel a portion of the of said g 35 t0 mhlblt flow 1E1 said inlet Phages and opening 

molding material from the cavity. The molding material in said ° utlet valves dunn S at ! east a P ortlon of said 1D J ectl0n 

contact with the outer walls of the cavity solidifies upon of s T aid f? vent sai f ^ t . . 

injection of the molding material into the cavity and the *> In 3 * e . preSen f ^h^n^^ 

J L ... - c iL 1 -j gas-assisted uiiection molding machine wherem said vent 

subsequent injection of gas therefore can remove the liquid ^ afe J ra(ed ,>„ duri injection t0 open 

central portion or the molding material. Ihe result is a said ' and Mid shears 

are operated simultaneously 

hollow molded article that uses less material and is lighter in upon ejection of molded mater i a l from said cavity, 

weight. Embodiments of the invention will now be described by 

To obtain high quality product from such molding 15 way 0 f example only with reference to the accompanying 

processes, the egress of molding material must be carefully drawings, in which 

controlled. If insufficient material is expelled, the result will FIG. 1 is a schematic section of a cavity for a molded 

be a relatively thick-walled, possibly solid article, and if the article; 

ejection is not properly performed, the finished article may FIG. 2 is a section on the line 2 — 2 of FIG. 1; 

show surface deformation that renders it unsuitable for 20 FIG. 3 is an alternative embodiment of a mold cavity; 

subsequent processing. FIG. 4 is a further embodiment of a mold cavity; and 

These problems are addressed in U.S. Pat. No. 5,454,278 FIG. 5 is a still further embodiment of a mold cavity 

in which provision is made for control of the venting of the utilizing the components of FIG. 2. 

cavity by means of a vent valve and subsequent quality Referring therefore to FIGS. 1 and 2, a gas- assisted 

control is facilitated by the provision of a shear that allows 25 injection molding apparatus generically identified as 10 has 

visual inspection of the wall thickness associated with the a cavity side 12 and a core side 14 that abut along the 

finished article. The use of the vent valve assembly shown common plane indicated at 16. A cavity 18 is formed in the 

in the above patent has improved the quality of the resultant cavity side 12 and, together with the core side 14, defines the 

product. However, it has been found that where complex exterior surface of an article to be molded. As can be seen 

articles are to be manufactured, further control of the mate- 30 from FIG 1, the article to be molded in the embodiment 

rial flow from the cavity is required. illustrated is a multiple outlet tubular manifold indicated at 

U.S. Pat. No. 5,090,886 discloses an injection molding 60 having a main duct 62 and branches 64,66,68,70 and 72. 

apparatus in which provision is made for venting the cavity An inlet 74 communicates with the main duct 62. The article 

into a pair of outlets which are subsequently closed by 60 is to be molded with a relatively thin peripheral wall and 

sniffers in the cavity. This arrangement, however, does not 35 a hollow interior to allow passage of fluids from the inlet 74 

provide for control of the inlet of the cavity and does not to one of the branches 64-72, It will be understood that the 

facilitate the molding of complex components that may have article 60 is by way of illustration only and, as will be 

multiple limbs or complex shapes. described more fully below with reference to FIGS, 3-5, a 

In the molding of such articles, it is necessary to ensure variety of different shaped articles may be utilized with 

that each internal cavity is properly evacuated, not only for 40 appropriate configuration of the cavity 18. 

correct functioning of the component but also to permit Referring again to FIG. 2, molding material is supplied 

subsequent processing. through an inlet passageway 20 that extends between the 

Frequently the components molded will be painted and supply of molding material 21 and the cavity 18. An inlet 

subjected to secondary heating which is taken into account control valve 23 is positioned in the passageway 20 and 

when designing the component. If, however, the cavity is not 45 consists of a retractable pin 25 that may be moved to a 

properly evacuated, then the component will have signifi- position in which the inlet passageway 20 is sealed, 

cant stress induced during heating due to unequal wall A gas injection nozzle 22 is positioned in the core side 14 

thickness. This results in deformation and warpage of the to project into the cavity 18 and supply gas under pressure 

component and a high rate of rejection. to the interior of the cavity 18. 

It is therefore an object of the present invention to 50 Molding material is expelled from the cavity 18 through 

provide a molding apparatus and a method of molding which one of a number of outlet passages 24. An outlet passageway 

obviates or mitigates the above disadvantages. 24 is associated with each of the branches 64-70. 

In general terms, the present invention provides a mold- Each of the outlet passages 24 includes a vent valve 

ing machine in which multiple outlets are provided from the assembly 26 that controls the flow of molding material from 

molding cavity to permit the molding of complex articles. 55 the cavity 18 through the passage 24 and to a respective 

Each of the outlets has a control valve associated with it that reservoir 27. 

may be controlled to regulate the flow of material through As is well known in the art, the cavity side 12 and core 

the outlet passage. A valve is also associated with the inlet side 14 are movable relative to one another between a closed 

passage and a controller controls each of the valves such that position as shown in FIG. 2 in which the cavity defines the 

the inlet valve is closed when the outlet valves are opened 60 outer surface of the article to be molded, and an open 

and that the outlet valves can be closed during at least a position in which the cavity side and core side are separated 

portion of the period in which gas is injected into the cavity, to allow the molded article to be removed. The mounting of 

More particularly, the present invention provides a gas- the mold to permit this relative motion is well known in the 

assisted injection molding machine comprising a mold art and need not be described further. Similarly, the provi- 

cavity, a material inlet passage to transport molding material 65 sion of molding material to the inlet passageway 20 and the 

from a source to said cavity, a plurality of outlets from said provision of the gas to the nozzle 22 is known in the art and 

cavity to permit egress of material therefrom, an inlet valve will not be described further. 
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The form of the passageway 24 in which the vent valve 
assembly 26 is located includes a horizontal leg 30 and a 
vertical leg 32 that intersect at a throat 34. The legs 30,32 are 
separated by an anvil 36 that is defined by a pair of 
convergent surfaces that intersect at an apex having an acute 5 
included angle. The vertical leg 32 extends from the cavity 
18 and is of uniform circular cross-section. The horizontal 
leg 30 is of progressively increasing cross-section as it 
extends from the throat 34 and has a smoothly curved dome 
wall 42 extending from the surface 38 across the common 10 
plane 16. The domed wall 42 terminates at a planar abutment 
surface 44 that extends to the reservoir 27. 

The vent valve 26 includes a valve member 46 to regulate 
flow through the passageway 24, a shearing pin 50 to sever 
material in the passageway 24, and an ejector pin 54 to eject is 
material from the passageway 28. Valve member 46 is 
slidably mounted in a bore 48 provided in the core member 
14 opposite the abutment surface 44. The valve member 46 
is movable under the control of a controller 74 by air or 
hydraulic fluid and is effective to prevent flow through the 20 
passageway 24. 

Shearing pin 50 is slidably mounted in a bore 52 pro- 
vided with an extension of the vertical leg 32. The shearing 
pin 50 is slidable across the throat 34 and into the vertical leg 
32 along the surface 40. 25 

Ejector pin 54 is likewise slidably mounted in a bore 56 
opposite the dome wall 52 and is slidable along the bore 56 
to engage and eject material in the passageway 24. The valve 
member 46, shearing pin 50 and ejector pin 54 are operated 
by control signals from the controller 74 and may be 30 
operated by air hydraulic electrical or mechanical cam 
actuation and interlocked with the operation of the mold. 

The controller 74 is operable to operate the valve mem- 
bers 46 of each of the vent valve assemblies 26 indepen- 
dently and also control operation of the inlet valve 23 in the 35 
inlet passageway 20. 

In operation, the cavity side 12 and core side 14 are 
moved to a closed position to define the cavity 18. Material 
is introduced in the molten state through the inlet passage- 
way 20 to fill the cavity 18. In this condition, the controller 40 
74 maintains the vent valve assemblies 26 closed and the 
inlet valve 23 open. Once the cavity 18 is full, the inlet valve 
23 is closed by controller 74 and a gas under pressure is 
introduced through the nozzle 22. At the same time, a first 
outlet valve 26 that is closest to the point of injection of the 45 
gas is opened and the material in the cavity is expelled 
through the associated passageway 24 to the overflow res- 
ervoir 27. An outer wall of molding material is left within the 
cavity following the application of gas between the injection 
point and the outlet. The overflow reservoir is sized to 50 
correspond to the volume of material to be expelled through 
the outlet with which it is associated. Accordingly, after 
expulsion of the material, a further vent valve 26 is opened 
in the outlet which is the next closest to the point of injection 
and material is further expelled through that outlet. The vent 55 
valve assemblies 26 are operated in sequence from the 
closest to the furthest from the point of injection so that 
material is progressively expelled from the interior of the 
article. The sequential opening of the valves allows close 
control over the flow of material, ensuring that the material 60 
is expelled in a controlled progressive manner. Once all the 
outlets have been opened and the material expelled, the mold 
is opened by separation of the cavity side and core side along 
the common plane 16. The molded article remains located 
on the core side by virtue of its connection with material in 65 
the passageways 24. Once the mold is opened, the shearing 
pin is advanced along the bore 52 and moves across the 



throat 34. The shearing pin 50 engages material deposited in 
the vertical leg 32 and forces it against the anvil 36. The 
convergent surfaces 38,40 enhance the shearing action of the 
pin 50 to sever the material in the passageway. 

As the shearing pin 50 advances, it operates in conjunc- 
tion with the additional ejection pins (not shown) to eject the 
molded article. At the same time, the ejector pin 54 is 
advanced along the bore 56 to engage the material in the 
passageway between the valve member and throat. Because 
the dome wall 42 and outlet passage 24 straddle the sepa- 
ration plane 16, the ejector pin 50 pushes the waste material 
from the mold. The mold may then be prepared and closed 
for subsequent molding operation. 

The shearing action of the pin severs the material at the 
throat 34 so that a cross-section of the material may be 
viewed after ejection by the pin 54. Each of the cross- 
sections will indicate whether the waste material is voided at 
its associated branch giving a visual indication as to whether 
or not the gas has been effective to purge the material from 
the interior of the article. This preliminary check is a good 
indication as to the quality of the finished article. 

The walls of horizontal leg 30 and of the passageway 28 
adjacent the throat 34 diverges at an included angle in the 
order of 20° to facilitate removal of the waste material. The 
included angle between the surfaces 38 and 40 is preferably 
in the order of 60°, with the axis of the vertical leg being 
normal to the longitudinal axis of the cavity 18. To facilitate 
flow of material through the passageway 24, it is preferred 
that the shearing pin is retracted beyond the projection of the 
horizontal leg past the throat 34 as indicated. 

In the above example, the overflow reservoirs 17 are 
sized so as to be filled once the material has been expelled. 
This maintains the pressure within the interior of the cavity 
18 and therefore provides for expulsion of subsequent 
portions of the article together with an overall pressurization 
of the cavity once the material is expelled that promotes 
good surface finish on the exterior of the article. 

In an alternative mode of operation, the controller 74 
may be utilized to close the valve member 46 against the 
abutment surface 44 after the requisite material has been 
expelled but before the subsequent valve assembly 26 is 
opened. Accordingly, the valves 26 are sequentially opened 
then closed in accordance with their distance from the point 
of injection to maintain the pressurization of the cavity 18, 
both during expulsion of the material and subsequent 
thereto. 

During the expulsion of the material, the inlet valve is 
maintained closed so that gas is not able to pass into the 
source of the material. 

By sequential operation of the valves and by control of 
the passage of gas through the cavity 18, an improved 
molding is obtained even where complex shapes are to be 
molded. 

As noted above, the article shown in FIG. 1 is merely 
exemplary and alternative configurations of mold may be 
utilized to achieve similar benefits. 

In the example shown schematically in FIG. 3, a plurality 
of elongate tubular articles are prepared in a common mold 
10. The injector 22 is located centrally within the mold with 
outlet passages 24 and respective valves 26 disposed about 
the periphery of the mold. An inlet 23 is also located 
centrally opposite the injector 22 but is not shown for clarity. 
Each outlet has an overflow reservoir 21a associated with it. 
The controller 74a sequences the valve so that those in the 
midpoint of each side, i.e. those indicated 26a, 26c, 26e, 
26g, are opened initially and that the valves 26b, 26d, 26/, 
26h are opened subsequently. In this manner, a controlled 
expulsion of molding material is accomplished. 
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In the arrangement shown in FIG. 4, a plurality of 
parallel elongate molded articles is obtained with the inlet 
passage 20 located at one edge of the mold and the outlet 
passages 24 located at the opposite edge. In this 
arrangement, the controller 74 initially opens the central 5 
vent valve indicated at 26a followed by the vent valves 266, 
26c and finally the vent valves 26^, 26e. Again, a progres- 
sive expulsion of material is obtained from the molded 
article. 

In the arrangement shown in FIG. 5, the inlet passage 20 10 
is centrally located and the outlet passages disposed on the 
periphery of the mold. Again, the vent valves 26 are operated 
sequentially starting with the valve closest to the inlet 
passage 20, so that valve 26a is initially opened followed by 
the valves 26b and 26c, then the valves 26d and 26e, 15 
followed by the valves 26/ and 26/, and finally the valves 
26A and 26/. 

It will be seen, therefore, that by providing multiple 
outlets and by sequencing the operation of the valves 
controlling those outlets, it is possible to mold complex 20 
articles while retaining control over the quality of the 
finished article. 
I claim: 

1. A method of injection molding an article in a mold 
cavity having an inlet and plurality of outlets comprising the 



steps of injecting moldable material into said cavity through 
the inlet, closing said inlet to inhibit movement of material 
therethrough, injecting gas under pressure into said cavity to 
expel a portion of said moldable material therefrom through 
said outlets, closing said outlets during injection of gas into 
said cavity to pressurize said cavity and opening said outlets, 
one at a different time than another to permit expulsion of 
said material through each of said outlets at varying times so 
that said moldable material is expelled in a controlled 
progressive manner, and ejecting said article from said 
cavity. 

2. A method according to claim 1 wherein said outlets are 
opened sequentially. 

3. A method according to claim 2 wherein those outlets 
closet to the point of injection of said gas into the mold are 
opened before other outlets. 

4. A method according to claim 3 wherein an open outlet 
is closed prior to opening of said outlets. 

5. The method according to claim 1, wherein the plurality 
outlets are sequentially opened then closed in accordance 
with their distance from the point of injection of the gas into 
the cavity in order to maintain pressurization of the cavity 
during expulsion of the moldable and subsequent thereto. 
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ABSTRACT 



A process for the production of a molded article having a 
hollow structure, using an injection molding machine 
equipped with a mold apparatus having a mold provided 
with a cavity, said process comprising the steps of 

(a) positioning a plug in its forward end position in the 
cavity with a plug-moving means before a molten resin 
is injected, 

(b) moving the plug toward its backward end position 
nearly in parallel with a flow-axis direction of the 
molten resin, with the plug-moving means or under a 
pressure of the injected molten resin, after the injection 
of the molten resin is initiated, 

(c) introducing a pressurized fluid into the molten resin in 
the cavity through a pressurized fluid introducing por- 
tion while the plug is moving, and 

(d) moving the plug up to its backward end position nearly 
in parallel with the flow-axis direction of the molten 
resin with the plug-moving means or under the pressure 
of the molten resin and/or the pressurized fluid intro- 
duced into the molten resin, and then, cooling and 
solidifying the molten resin in the cavity to form a 
hollow structure in the resin. 

24 Claims, 33 Drawing Sheets 




U.S. Patent Jun. 17, 1997 Sheet 1 of 33 



Fig. 1A 

INJECTION OF MOLTEN RESIN 

INTRODUCTION OF PRESSURIZED FLUID 
MOVEMENT OF PLUG 

Fig. 1B 

INJECTION OF MOLTEN RESIN 

INTRODUCTION OF PRESSURIZED FLUID 
MOVEMENT OF PLUG 

Fig. 1C 

INJECTION OF MOLTEN RESIN 

INTRODUCTION OF PRESSURIZED FLUID 
MOVEMENT OF PLUG 

Fig. 1D 

INJECTION OF MOLTEN RESIN 

INTRODUCTION OF PRESSURIZED FLUID 
MOVEMENT OF PLUG 

Fig. 1E 

INJECTION OF MOLTEN RESIN 

INTRODUCTION OF PRESSURIZED FLUID 
MOVEMENT OF PLUG 

Fig. 1F 

INJECTION OF MOLTEN RESIN 

INTRODUCTION OF PRESSURIZED FLUID 
MOVEMENT OF PLUG 



U.S. Patent 



Jun. 17, 1997 



Sheet 2 of 33 
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MOLD APPARATUS FOR PROCESS FOR 
INJECTION MOLDING 

BACKGROUND OF THE INVENTION AND 
RELATED ART 

The present invention relates to a mold apparatus suitable 
for injection-molding an article having a hollow structure, 
and a process for injection-molding an article having a 
hollow structure with the mold apparatus. Specifically, it 
relates to a mold apparatus which can effectively prevent 
"jetting" (also called "snake flow") in a molten resin injected 
into a cavity of a mold and is suitable for molding an article 
having an excellent appearance and a desired hollow struc- 
ture therein, and a process for injection-molding such an 
article having a hollow structure with the mold apparatus. 
More specifically, it relates to a mold apparatus suitable for 
molding an article having a hollow structure which works, 
for example, as a path for the flow of a fluid, the hollow 
structure being a T-ietter shaped manifold structure, a cross 
or M +" shaped manifold structure or a manifold structure for 
distributing a fluid in multi-directions, and a process for 
injection-molding an article having such a hollow structure 
with the mold apparatus. 

For producing a molded article of a synthetic resin having 
a desired hollow structure, an injection molding method has 
recently increasingly come into wide use in which a pres- 
surized fluid is introduced into a molten resin injected into 
a cavity of a mold to form a molded article having a hollow 
structure, since the so-formed article is almost free of a sink 
mark and distortion. This conventional injection molding 
method requires the use of a mold and an apparatus for 
introducing a pressurized fluid. Further, the mold is required 
to have a sprue portion and a runner portion for flowing a 
molten resin from a healing cylinder head of an injection 
molding machine to the cavity of the mold, and a gate 
portion is provided between the runner portion and the 
cavity. 

An article having a manifold structure having a hollow 
structure which works as a path for the flow of a fluid is 
used, for example, as a tubing member, in various fields. An 
article of this type is used, for example, as a cooling tubing 
member for an engine, an intake manifold member for an 
engine, an exhaust gas tubing member or a hydraulic tubing 
member for a braking device in the fields of automobiles and 
motorcycles. Further, an article of the above type is used, for 
example, as a coolant tubing member for a refrigerator or a 
fluid-controlled actuator tubing member in the fields of 
electric appliances and rnachines. It is also used, for 
example, as a tubing member for a hot-water heater, a tubing 
member for a boiler, a tubing member for water supply or a 
tubing member for gas supply in the fields of construction 
and construction materials, or as a tubing member for a 
medical apparatus for a circulatory system or a tubing 
member for a medical apparatus for a respiratory system in 
the field of medicine. 

Generally, the material forming an article having a mani- 
fold structure is a metal or a synthetic resin. When an article 
having a manifold structure is produced, for example, from 
a metal, a plurality of parts are assembled and welded. When 
an article having a manifold structure is produced, for 
example, from a synthetic resin, a plurality of parts are 
assembled, bonded and welded. For producing an article 
having a manifold structure by an injection molding method, 
there is known a method in which a core for forrning a 
hollow structure is placed in a cavity of a mold and a molten 
resin is injected into a space formed by the cavity surface 
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and the surface of the core. However, the problem of this 
method is that the mold structure is complicated. Further, 
there is known another method of forming a manifold 
structure by an injection molding method, in which a core of 

5 a water-soluble resin or a metal for forming a hollow 
structure is placed in a cavity of a mold, a molten resin is 
injected into a space formed by the cavity surface and the 
surface of the core, and then the core is dissolved in water 
or is removed by melting it In this method, however, it is 

10 required to prepare a core of a water-soluble resin or a metal 
in advance, and it is required to remove the core after an 
article is formed, so that the production process is compli- 
cated. As explained above, in all the above-explained 
methods, a number of parts are required, the production 

15 process is complicated, an assembly step is required, and it 
is difficult to reduce the production cost Further, the method 
of producing a manifold by the injection molding method 
with the core involves a problem of weld. 

JP-A-6-262636 discloses a method of mjection-molding a 

20 pipe-shaped article having a plurality of branches. In this 
injection molding method, no complicated mold structure is 
required. While a molten resin is injected into a cavity of a 
mold for producing a branched pipe, a pressurized gas is 
introduced through branch ends to form a pipe-shaped 

25 article. This injection molding method is, in principle, is a 
method for improving the appearance of an article 
(overcoming a sink mark and distortion) by introducing a 
pressurized gas into a molten resin, or a so-called gas- 
assisted injection molding method. 

30 When an attempt is made to produce a molded article of 
a synthetic resin having an excellent appearance by a 
conventional injection molding method, and when the area 
of the cross-section of the cavity of a mold, which is 
perpendicular to the flow of a molten resin, is largely 

35 different in size from the area of the cross section of a gate 
portion, jetting takes place in a molten resin injected into the 
cavity, and the appearance and function of the molded article 
is greatly impaired to decrease the product value of the 
article. 

40 . 

For obtaining a molded article of a synthetic resin having 
improved physical properties such as high strength, high 
impact strength, high fatigue resistance, high creep 
resistance, high heat resistance, high hot water resistance, 
high oil resistance, high chemical resistance, etc., it is 
required to use a synthetic resin of high melt-viscosity such 
as a synthetic resin of having high molecular weight, a 
crosslinkable synthetic resin or a synthetic resin alloy. 
However, the problem of the use of the above resins is that 

50 jetting is liable to occur, so that it is difficult to obtain a 
desired molded article having an excellent appearance. 

The method of introducing a pressurized fluid into a 
molten resin injected into a cavity of a mold is largely 
classified into a so-called full shot method in which a 

55 pressurized fluid is introduced after the cavity is completely 
filled with a molten resin and a so-called short shot method 
in which a pressurized fluid is introduced while the cavity is 
not completely filled with a molten resin. In particular, the 
short shot method has a problem in that when a spiral 

^0 (coil-like) jetting occurs, it is difficult to introduce a pres- 
surized fluid into a molten resin (in an amount insufficient 
for completely filling the cavity) injected into the cavity, and 
the pressurized fluid sometimes blows off the molten resin in 
the cavity so mat no desired molded article is obtained. 

65 Far preventing the occurrence of jetting, there has been 
proposed a method in which the cross-sectional area of a 
gate portion is increased, or the injection rate of a molten 
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However, when the aosslctional Si * ^'ou^ness * 15 to separate the 

increased, it requires an additional casttoKth * e soIidified "* * is therefore 

gate-corresrxmdmgporuonofto c ^ult to move the plug smoothly, so that it is difficult to 

rate is decreased, the molding cycle is long so that the ^ f mmdcd molded article - 

production cost increases. When the temperature of a molten J, 0rm ^ plug cannot uni( l uel y detennined, 

resin is increased, the heat stability of the molten resin is e 11 0311 be PfOpaiy determined on the basis of the 

impaired and the molten resin generates a gas or the resin P ro P crt ies of a resin used and the form of an intended hollow 

has a decreased molecular weight so that the molded article structure * The plug has such a form that the plug can move 

has a poor appearance or decreased properties. Further, the 10 m ^ For Feventing the occurrence of the defects on 

method of selecting a resin having a low melt viscosity is not a molded surface caused by jetting and a flow mark, 

an essential solution for obtaining a molded article having the CT0 ^-sectional form of the plug in the perpendicular 

high impact strength and high fatigue resistance, since, for ^^on to the moving direction of the plug is preferably 

these purposes, it is required to use a resin having a high g eneraI ty foe same as or similar to the cross-sectional form 

melt viscosity such as a synthetic resin of high molecular 15 of cavity in ^ Perpendicular direction. The clearance 

weight, a crosslinkable synthetic resin or a synthetic resin ^tween the plug surface and the cavity surface is required 

alloy. to be such a clearance that the plug does not contact the 

The injection molding method disclosed in JP-A-6- ? vlly surface - fteferably, a molten resin does not penetrate 

262636 is very effective for producing a pipe-like article aboVe clearance > while a molten resin may penetrate the 

having a plurality of branches. However, a pressurized gas 20 cl< *f ance 1,1 some cases - 

is sometimes not properly introduced into a molten resin 1001(1 a fP mSus of ^ present invention may have a 

and a molded article having a desired hollow structure is not structure in which a sprue portion and a runner portion as a 

always obtained. TOs phenomenon is liable to take place f Wpalh which the molten resin flows are provided 

when a synthetic resin having a high melt viscosity or a between a heating cylinder end of an injection molding 
synthetic resin reinforced with a reinforcing material such as 25 Jf 30 ^ and the cavity and a gate portion is provided 

a glass fiber is used. For obtaining a molded article of a twecn ^ runner Portion and the cavity, or may have a 

synthetic resin having improved physical properties such as stru . cture to which a molten resin is directly injected into the 

high strength, high impact strength, high fatigue resistance c ? nXy &mm ^ a hot nmncr OT a valve gate. A whole of the 

high creep resistance, high heat resistance, high hot water a e gate P 01 ** 00 * ^ hot runner, the above valve 
resistance, high oil resistance, high chemical resistance etc 30 gate ' etC " * caUed a resin Ejection portion. Further, when a 

it is required to select a resin from synthetic resins having a mol ^ d varies in thickness, specifically from a thin 

high melt viscosity such as a synthetic resin of high molecu- P 0 ** 00 to a portion, that portion of a cavity which 

lar weight a crosslinkable synthetic resin, resins prepared by ^ ^ ^ P^on of me molded article is included in the 

incorporating a reinforcing material into these resins and a r ? s m "ti^ 011 Portion when the forward end position of the 

synthetic resin alloy. However, when the above resins are 35 *7 Ug dose to &at DQrtion of *he cavity which forms 

used, it is sometimes difficult to obtain a molded article ^ P 01 ** 0 ** 

having a desired hollow structure. A Pressurized fluid introducing device for introducing a 

it is therefore an object of the present invention to provide 40 and whose forward end can communicate with the pressur- 
a mold apparatus suitable for the reliable production of a ized ^d introducing portion, and apart from that portion 
molded article of a synthetic resin having an excellent with a moving means. 

appearance and a desired hollow structure in a short and ^ mold of the present invention may be a mold with 
stable molding cycle without any influence caused by the which 0 * e voided article is produced in one operation or 
synthetic resin used, and a process for injection molding an 45 mav a mold with which a plurality of molded articles are 
article having a hollow structure with the mold apparatus. produced in one operation. 

The above object and advantages of the present invention 111 one aspect of the mold apparatus of the present 
are achieved, first, by a mold apparatus having a mold mention, when the plug is positioned in its forward end 
provided with a cavity, for use with an injection molding P osit ion, the plug is preferably positioned close to the resin 
machine, for producing a molded article having a hollow 50 ejection portion. Although depending upon the form of a 
structure by introducing a pressurized fluid into a molten moided article ' ph*S oeing positioned close to the resin 
resin in the cavity while or after the molten resin is injected ""faction portion" generally means that the top end portion 
into the cavity, and cooling and solidifying the molten resin of me P lu S opposite to the resin injection portion is posi- 
m the cavity to form a hollow structure in the molded article, Uoned 0 mm to 20 mm apart from the resin injection portion 

Said mold apparatus comprising ' 55 when ^ P lu S is positioned its forward end position. When 

(A) at least one plug which is provided in the cavity of the ^ pl K Ug " P ositioned * its forward end position, the plug 
mold and is movable nearly in parallel with a flow-axis m * y P 0Sltioned so that the top end portion of the plug 
direction of the molten resin, contacts the cavity surface to shut the resin injection portion. 

(B) a plug-moving means for moving the plug ff ^ pIug is P ositioiied ^ its forward end position but is 

(C) aresmkjectionportionformje^ 60 c °™^ 

into the cavity, and TCSUX formed b V «vi?r surface and the plug is so large that a 

(D) a pressurized fluid mt^ molten resm injected into the cavity does not collide with the 

T«frk u 65 prevented. 

a molteD resm ,s achieved, second, by an injection molding process of the 
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present invention, the first to fourth aspects of which use an 
injection molding machine equipped with a mold apparatus 
comprising 

(A) at least one plug which is provided in the cavity of the 
mold and is movable nearly in parallel with a flow-axis 
direction of a molten resin, 

(B) a plug-moving means for moving the plug, 

(Q a resin injection portion for injecting the molten resin 

into the cavity, and 
(D) a pressurized fluid introducing portion for introducing 

a pressurized fluid into the molten resin injected into 

the cavity. 

The first aspect of the injection molding process of the 
present invention is directed to a process for the production 
of a molded article by introducing the pressurized fluid into 
the molten resin in the cavity of the mold through the 
pressurized fluid introducing portion while or after the 
molten resin is injected into the cavity through the resin 
injection portion, and cooling and solidifying the resin in the 
cavity to form a hollow structure in the molded article, said 
process comprising the steps of 

(a) positioning the plug in its forward end position in the 
cavity with the plug-moving means before the molten 
resin is injected, 

(b) moving the plug toward its backward end position 
nearly in parallel with a flow-axis direction of the 
molten resin, with the plug-moving means or under a 
pressure of the injected molten resin, after the injection 
of the molten resin is initiated, 

(c) introducing the pressurized fluid into the molten resin 
in the cavity through the pressurized fluid introducing 
portion while the plug is moving, and 

(d) moving the plug up to its backward end position nearly 
in parallel with the flow-axis direction of the molten 
resin with the plug-moving means or under the pressure 
of the molten resin and/ox the pressurized fluid intro- 
duced into the molten resin, and then, cooling and 
solidifying the molten resin in the cavity to form the 
hollow structure in the resin. 

FIGS. 1A to IF and FIGS. 2A to 2D schematically show 
the timing of movement (sliding) of the plug, the tinting of 
injection of the molten resin, and the timing of introduction 
of the pressurized fluid. In FIGS. 1A to IF and FIGS. 2A to 
2D, the left end of a line segment indicated by "INJECTION 
OF MOLTEN RESIN" shows the initiation of the injection, 
and its right end shows the termination of the injection. The 
left end of a line segment indicated by 'INTRODUCTION 
OF PRESSURIZED FLUID" shows the initiation of the 
introduction of the pressurized fluid, and its right end shows 
the termination of the introduction of the pressurized fluid. 
The left end of a line segment indicated by "MOVEMENT 
OF PLUG" shows the initiation of the movement of the 
plug, and its right end shows the termination of the move- 
ment of the plug. The length of the line segment schemati- 
cally shows a period of time. 

In the first aspect of the injection molding process of the 
present invention, as shown in FIGS. 1A and IB, the 
pressurized fluid is introduced into the molten resin during 
the injection of the molten resin into the cavity. Further, as 
shown in FIGS. 1A and IB, the movement (sliding) of the 
plug is initiated after the injection of the molten resin into 
the cavity is initiated but before the introduction of the 
pressurized fluid into the molten resin in the cavity is 
initiated. The movement of the plug to its backward end 
position may be completed before the injection of the molten 
resin into the cavity is completed as shown in FIG. 1A, it 
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may be completed after the injection of the molten resin into 
the cavity is completed as shown in FIG. IB, or it may be 
completed at a time when the injection of the molten resin 
into the cavity is completed. 

5 Otherwise, as shown in FIG. 1C, the pressurized fluid is 
introduced into the molten resin in the cavity after or at a 
time when the injection of the molten resin into the cavity is 
completed, and the movement (sliding) of the plug is initi- 
ated before the injection of the pressurized fluid into the 

10 cavity is initiated. The movement of the plug to its backward 
end position is completed after the injection of the molten 
resin into the cavity is completed and during the introduction 
of the pressurized fluid into the molten resin as shown in 
FIG. 1C 

15 In these cases, the movement (sliding) of the plug may be 
initiated at a time when the injection of the molten resin into 
the cavity is initiated, and the introduction of the pressurized 
fluid may be initiated at a time when the movement of the 
plug is initiated. 

^ The second aspect of the injection molding process of the 
present invention is directed to a process for the production 
of a molded article by introducing the pressurized fluid into 
the molten resin in the cavity of the mold through the 
pressurized fluid introducing portion while or after the 

23 molten resin is injected into the cavity through the resin 
injection portion, and cooling and solidifying the resin in the 
cavity to form a hollow structure in the molded article, said 
process comprising the steps of 

(a) positioning the plug in its forward end position in the 
30 cavity with the plug-moving means before the molten 

resin is injected, 

(b) moving the plug toward its backward end position 
nearly in parallel .with a flow-axis direction of the 
molten resin, with the plug-moving means or under a 

35 pressure of the injected molten resin, after the injection 
, of the molten resin is initiated, and allowing the plug to 

arrive at its backward end position during the injection 

of the molten resin or after the injection of the molten 

resin is completed, 
40 (c) introducing the pressurized fluid into the molten resin 

in the cavity through the pressurized fluid introducing 

portion, and 

(d) then, cooling and solidifying the molten resin in the 
cavity to form the hollow structure in the resin. 

45 FIGS. ID to IF schematically show the timing of the 
movement (sliding) of the plug, the riming of injection of the 
molten resin, and the timing of introduction of the pressur- 
ized fluid in the injection molding process according to the 
second aspect of the present invention. In the second aspect 

50 of the present invention, the pressurized fluid is introduced 
into the molten resin during the injection of the molten resin 
into the cavity, as shown in FIG. ID. Then, after the injection 
of the molten resin into the cavity is initiated and before the 
introduction of the pressurized fluid into the molten resin in 

55 the cavity is initiated, the movement (sliding) of the plug is 
initiated. The plug arrives at its backward end position 
before the introduction of the pressurized fluid into the 
molten resin is initiated as shown in FIG. ID. 
Otherwise, as shown in FIGS. IE and IF, the introduction 

60 of the pressurized fluid into the molten resin in the cavity is 
initiated after or at a time when the injection of the molten 
resin into the cavity is completed. And, as shown in FIGS. 
IE or IF, the movement (sliding) of the plug is initiated after 
the injection of the molten resin into the cavity is initiated 

65 and before the introduction of the pressurized fluid into the 
molten resin in the cavity is initiated. The plug arrives at its 
backward end position before the injection of the molten 
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resin is completed as shown in FIG. IE, it arrives at its (b) maintaining the plug in its forward end position with 

backward end position after the injection of the molten resin the plug-moving means during the injection of the 

is completed as shown in FIG. IF, or it arrives at its molten resin through the resin injection portion, 

backward end position at a time when the injection of the ( c ) moving the plug toward its backward end position 

molten resin is completed. , nearly m ^ , ^ tc&oa of me 

• v fT,^ 63 ' "^movement (shding) of theplug may be mo i ten resin , ^th me pi U g. moving ^ans a under a 

initiated ^t a time when toe injection of toe molten resin into pressure of me preS sur£ed fluid, after the injection of 

the cavity is initiated. Further, the injection of the pressur- JL m „i,„„ „„-; • , . a " 

ized fluid may be initiated at a time when the ptog has ^J?*? T " a ? d . °j ** 

arrived at its backward end position. P § ^traduction of pressunzed flui Us initiated, and allow- 

The third aspect of the miction molding process of the 10 iift^T* * .? backward end position 

„„ . . . • . i . . , 6 *; , during the introduction of the pressurized fluid, and 

present invention is directed to a process for the production ,. . ...... F , . ' 

of a molded article by introducing the pressurizedfluid into (d) co ? lmg soLdli > rin 8 me moiten resin the 

the molten resin in the cavity of the mold through the JSfW? \ hQU0 J TT* i V ne . resin - 

pressurized fluid introducing portion while the molten resin HGS - 2 ?, a " d ^schematically show the timing of the 

is injected into the cavity through the resin injection portion, 15 m ^ent (sliding) of tiie plug the timing of injection of the 

and cooling and sohdifying the resin in the cavity to form a ^f"? * c tunu,g Introduction of the pressur- 

hollow structure in the molded article, said process com- T ? md m injection moldln S Process according to the 

prising the steps of fourth aspect of the present invention. In the fourth aspect of 

(a) positioning the plug in its forward end position in the « ^, e ./^ en L inVe ^ 0n ' °£ me Pressurized 

cavity with the plug-moving means before the molten " ^ d ?T " T**- ( ? * 

resin is injected, wnen) ^ m J ectl0n of ^ molten resin into the cavity is 

. . . "L , „ . . . , ' completed as shown in FIGS. 2C and 2D. The movement 

^r^Jtf 11 T (sUdmg)ofmeplugisimtiatedafter( OT atatimewhen)the 
~1 T . W "^ S d,rCCt,0n ° f , ^ "Action of the pressurized fluid into the molten redn is 
molten resin mth toe plug-moving means or under a 25 initiated as shown in FIG. 2C. or the movement (sliding) of 
pressure of toe ejected molten resm and/or a pressure ^ plug b MtMeA ^ (or * a ^ wnen) me J" of 
of the Pressurized fluid mtroduced into the molten toe moten resm kto toe cavity is completed and betoe the 
resin, while the molten resm is injected into toe cavity introduction of the pressurized fluid into toe molten resin is 
and while toe pressurized fluid is introduced into the Mliated ^ ^ - m HG . 2D. The plug arrives at its 
molten resin and allowing the plug to arrrve at its 30 backward end position during the introduction of the pres- 
backward end position during the introduction of the surized fluid Mo me molten resin . 

pressurizedfluid, and In the first to fourth aspects of the injection molding 

(c) then, cooling and solidifying the molten resin in the process of the present invention, preferably, the amount of 
^ a oT t0 f °™ the t hoUow structure m me re 5 * 11 - the molten resin injected into the cavity is smaller than the 

FIGS. 2A and 2B schematically show the timing of the 35 amount which fully fills toe cavity, and is sufEcient for 
movement(shdmg)oftoeplug,toetiimngofintroductionof forming a molded article when the pressurized fluid is 
the molten resin, and the timing of injection of the pressur- introduced into the molten resin. 

ized fluid in toe injection molding process according to the in one embodiment of the first to fourth aspects of the 
third aspect of the present invention. In the third aspect of injection molding process of the present invention, when the 
toe present invention, toe introduction of the pressurized 40 plug is positioned in its forward end position, the plug is 
fluid .into the molten resin is initiated while the molten resin preferably positioned close to the resin injection portion, 
is injected into the cavity as shown in FIGS. 2A and 2B. The in the mold apparatus or the injection molding process of 
movement (sliding) of the plug is initiated after the intro- the present invention, the plug-moving means may be com- 
duchon of toe pressurized fluid into the molten resin is posed of a hydraulic cylinder, a pneumatic cylinder, a 
initiated as shown in FIGS. 2A and 2B. The plug may arrive 45 hydraulically actuated motor, a pneumatically actuated 
at its backward end position before the injection of the motor or an electric servo-motor, to directly move (slide) the 
molten resin is completed as shown in FIG. 2A, it may arrive p i ug , may be composed of a combination of any one of the 
at its backward end position after the injection of the molten above cylinders or motors with a screw mechanism such as 
resin is completed as shown in FIG. 2B, or it may arrive at a ball screw, a cam mechanism or a rack and pinion 
its backward end position at a time when the injection of the 50 mechanism, or may be composed of various springs while 
molten resin is completed. In these cases, toe movement the plug-moving means is preferably composed of i Thydrau- 
(sliding) of the plug may be initiated at a time when the Uccylmder,apneuniaticcylmder,arackandpiiiionmecha- 
mtroduction of the pressurized fluid into the molten resin is nism or springs. When the plug-moving means is composed 
m J!^e c v • - of sprigs, as the springs shrink, the resisting force of the 

The fourth aspect of the injection molding process of the 55 plug to the pressure of the injected molten resin increases 
present invention is directed to a process for the production Therefore when the resisting force of the plug is required to 
of a mo ded article by introduction toe pressurized fluid into be uniform, it is preferred to compose the plug-moving 
the molten resin in the cavity of the moid through the means of a hydrauhc^Under. a pneumatic cylinder or a rack 
pressurized fluid introducing portion after toe molten resin is and pinion mechanism. 

injected into the cavity through the resin injection portion, so The resisting force of the plug to the pressure of toe 
and cooling and solidifying toe resin in the cavity to form a injected molten resin cannot be uniquely determined since it 
hollow structure in the molded article, said process com- depends upon a resin used, the melt viscosity of a resin used, 
pnsing toe steps of me m j ect i on preS sure of a resin, toe injection rate of a resin, 

(a) positioning the plug in its forward end position in the etc. When the plug is moved during the injection of toe 
cavity so as to allow the plug to stand against a pressure 65 molten resin, it is required to control the movement of toe 
of the molten resin to be injected, with the plug-moving plug so that part of toe plug can form part of the cavity. For 
means before the molten resin is injected, example, when a hydraulic or pneumatic cylinder is used, 
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the moving rate of the plug can be easily controlled by 32Q, and a form having radially extending branches (see a 

controlling the actuation of the cylinder. When other media- schematic plan view in FIG. 33A and a schematic front view 

nism is employed, the above controlling is carried out. in FIG. 33B). Specific examples of the molded article 

When a plurality of plugs are used in the present delude parts for an automobile and a motorcycle such as a 
invention, the movement (sliding) of the plugs may be 5 cooling tubing member for an engine, an intake manifold 

initiated at the same time or at different times, and the plugs *onber of e W an e^aust gas tubing member : and a 

may be allowed to arrive at their backward end positions at hydraulic tubing member for a braking device parts for 

the same time or at different times, and may be moved at the elect ? c alliances and machines such as a coolant ttjbmg 

same moving rate or at different moving rates. The above m ^ fo ^l r ^ geraU ? "£ a fi fl ^ d " c f ontro ^ d h actuat( * 
* * 7 ;* ~^ T . * . . , tn tubing member, parts used in the fields of construction and 

procedures (timings) may be property deternnned depending 10 ^^^on materials such as a tubing member for a hot- 
upon the properties of a resin used and the molding condi- water heateXj a member for a boiler, a tubing member 
uons * for water supply, a tubing member for gas supply and a 

The position of the pressurized fluid introducing portion shower head, and parts used in the field of medicine such as 
in the mold according to the present invention is not spe- a t^ing member for a medical apparatus for a circulatory 
dally limited. The pressurized fluid introducing portion may is system or a tubing member for a medical apparatus for a 
be provided near the resin injection portion, may be pro- respiratory system in the field of medicine. The cross section 
vided far from the resin injection portion, or may be pro- of the molded article, taken nearly at right angles with the 
vided in the resin injection portion. The pressurized fluid flow-axis direction of the molten resin, may have any form 
introducing portion may be provided in the plug in some of a circular form, an ellipsoidal form, a square form, a 
cases. Further, one pressurized fluid introducing portion may 20 polygonal form and others. 

be provided, or a plurality of pressurized fluid introducing Iq the present invention, the plug is positioned in its 
portions may be provided. When a plurality of pressurized forward end position with the plug-moving means, before 
fluid introducing portions are provided, a partition wall of a the molten resin is injected. By niaintaining the plug in its 
resin can be formed within a molded article, and a plurality forward end position as described above, the molten resin 
of hollow structures as paths for the flow of a fluid can be 25 injected into the cavity collides with the plug so that the 
formed within a molded article. molten resin is prevented from flowing straight As a result, 

In the mold apparatus of the present invention, and in the jetting can be effectively prevented, and a molded article 
fist to fourth aspects of the injection molding process of the having an excellent appearance can be obtained, 
present invention, the fluid for the pressurized fluid is Further, the volume of the cavity when the molten resin is 
preferably a fluid which is in a gaseous or liquid state at 30 injected into the cavity is smaller than the volume of the 
room temperature under atmospheric pressure, and which cavity required for finally forming a molded article, 
neither reacts with the molten resin nor is mutually mixed Therefore, even when a synthetic resin having a high melt 
with the molten resin. Specific examples of the fluid for the viscosity is used, the formation of a hollow structure can be 
pressurized fluid include gaseous substances at room tern- reliably initiated by introducing the pressurized fluid into the 
perature such as nitrogen gas, carbon dioxide gas, air and 35 molten resin in the first to fourth aspects of the injection 
helium gas, liquids such as water, and gas which is liquefied molding process of the present invention. By finally posi- 
under high pressure. Above all, inert gases such as nitrogen tioning the plug in its backward end position, the cavity form 
gas and helium gas are preferred required for forming the molded article is provided so that 

The resin used in the injection molding process of the a desired hollow structure can be easily and reliably formed 
rjresent invention is not specially limited. The resin includes 40 in the molded article. By gradually expanding the volume of 
synthetic resins which can be injection-molded, specifically, the cavity by moving the plug backwardly, the flow of the 
thermoplastic resins, thermoplastic elastomers, alloys of molten resin in the cavity can be controlled and a desired 
these and thermosetting resins. Further, the resin includes hollow structure can be easily and reliably formed in the 
mixtures of any one of the above resins with known addi- molded article. 

rives such as a stabilizer, a filler and a fibrous reinforcing 45 For producing a molded article having a manifold struc- 
material such as a glass fiber. Particularly preferred are ture of which the branches have different diameters (as 
thermoplastic resins, thermoplastic elastomers, alloys of shown in FIG. 28Q or cross sectional forms in hollow 
these, and mixtures of any one of these with an additive such structure, the initiation and the completion of movements of 
as a stabilizer, a filler and a fibrous reinforcing material. th e plugs and the moving rates of the plugs are controlled so 
Specific examples of the above resin include generally used 50 that the degrees of filling the molten resin in each portion of 
thermoplastic resins such as a polyolefin resin, a polystyrene the cavity forming each branch are easily balanced and the 
resin, an ABS resin, an AS resin, a PVC resin, a methacrylic movements of the plugs well synchronize with each other 
resin and a fluorine-containing resin, and engineering plas- when the pressurized fluid is introduced. Therefore, a hollow 
tics such as a polyamide resin, a saturated polyester resin, a structure which works, for example, as a path for the flow of 
polycarbonate resin, a polyacetal resin, a polysulfone resin 55 a fluid can be easily and reliably formed in the molded 
and a modified polyphenylene ether resin. article, and the appearance of the molded article is 

The molded article obtained by the injection molding improved. Another advantage is that no weld occurs. Other 
method of the present invention includes a cylinder, a rod, effects and advantages of the present invention will be 
a straight tube and a curved tube a hollow structure. Further, apparent from the following description, 
the form of the molded article includes a TJetter form (see 60 DESCRIPTION. OF THE DRAWINGS 

schematic cross-sectional views in FIGS. 28B and 28C), a 

cross or u +" shaped form (see schematic cross- sectional The present invention will be explained in detail with 
views in FIG. 17B), a Y-letter form (see a schematic reference to drawings hereinafter, 
cross-sectional view in FIG. 32A). a U-letter like form in FIGS. 1A to IF and FIGS. 2A to 2D schematically show 
which a tube is branching from the bottom of U-letter (see 65 the timing of movement (sliding) of the plug, the timing of 
a schematic cross-sectional view in FIG. 32B). an S-letter injection of the molten resin, and the timing of introduction 
like form (see a schematic cross-sectional view in FIG. of the pressurized fluid. 
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JOSiJLS f ^* en ?f C a ° S l SC f u° ° f ° De prefOTed nG - * * also a schematic cross section of a mold 

anbodiment of the mold apparatus of the present invention, apparatus, etc, for the explanation of a step subsequent to 

in which the plug ,s m ,ts backward end position. the step of the injection molding process in ExaLle 2 

FIG. 4 is a schematic cross section of the same embodi- shown in FIG. 20. 

*^n"*i?S5? T TT *? ° f *?T inVtD&0a 5 m - 22 is a schematic aoss secti °» of a mold apparatus, 

JXn ' PlUg 15 111 itS fOTWard eDd etC - f0r «P^o» of a step of the Ejection molding 

^ process in Example 3. 

enSi™,!? ,f U5m ^ C ""l "f? ° f ° ne 1 ™ ftned n& 23 * also a schematic cross section of a mold 

1 aPPa,atU • ° f ^ PrCSent i0Venti0n .0 apparatUS ' etc -' fOT Sanation of a step subsequeTto 

m which the plug-moving means is composed of a spring. 10 the step of the injection molding process in Example 3 

FIG. 6 is a schematic cross section of one preferred shown in FIG. 22. 

m!5S% 1 °f ^ aPPaWtU - S ° f preSCnt inVenti0I, n& 24 is ^ a schematic «o« section of a mold 

rSHT™ 8 15 C ° mp0Sed0faraCk ^ for the explanation of a step subsequent 

a pinion mechanism. 15 the step of the injection molding process in Example 3 

FIG. 7 is a schematic cross section of one preferred shown in FIG. 23. 

S^f^lufi a? Tf 1S ^ tilepieSeDtiaVe ' in0a ma 25 is also a schematic cross section of a mold 

rf/SSriVS^ 7 threadedpomon on an outer surface apparatus, etc., for the explanation of a step subsequent to 

• the step of the injection molding process in Example 3 

FIGS. 8A and 8B are schematic cross sections of one 20 shown in FIG. 24. 

preferred einbodiment of the mold apparatus of the present FIGS. 26A and 26B are schematic cross sections of a 

S^o^Sre 3 m ° lded 3 ^ for the explanatioTS ? T™of ih 

snaped manifold structure. injection molding process in Example 4. 

eJXIntnf A 6 " 13 w 0055 SCCti0 ? u aDOther J"*™ 1 HG. 27 is also a schematic cross section of a meld 
StSSfnf ^^?H aP ^ of represent invention 25 apparatus, etc., for the explanation of a step subsequent to 

SLffiJSL^ ^ ^ 8 T - ,etter J^^g"*" m0ldiDg ^ * ^ 4 

enS^Jj' f CT ° S ! Sa f? ° f one prefared HGS - 2« A to »C 816 thematic cross sections of molded 

einbodiment of me mold apparatus of me present invention articles produced in Example 4 

for producing a molded article having a cross or'V shaped 30 crns ?oa ,„h ->iro v 

manifold structure RGS- 29A and 29B 316 schematic cross sections of a 

prr? ii * «. . mold apparatus, et o- for the explanation of steps of the 

FIG 3 van anon of the mold apparatus shown in injection molding process in Example 5. 

urr? !•> „ r „K „♦.- , , HGS - 3 * A and 30B are schematic cross sections of a 

etc ?or V K ?*TJ. °* ■ ™* 35 mold etc - for *« «P'anation of steps subsequent 

S«e« if e£ 1 3 P ° f 1 ° JeCti0n m ° ldin8 t0 ^ ** of * e moldin g I***"* Example 5 

process in example l. shown in FIG. 29B. 

™ hl ' 3 I s f° » sche ™** cross section of a mold FIGS. 31A and 31B are schematic cross sections of a 

telTJ*JZ^ P ^° tt ° f a ""P.** 6 *"* to apparatus, etc., for the explanato^ of of me 

shownin FIG * ^ 40 ^"'i™ moldin 8 process in Example 6. 

PTf^ i/i ,v ~ . . FIGS. 32A to 32C are schematic cross sections of molded 

the step of the injection molding process in Example 1 p,™ . ,,_ 

shown in FIG. 13. 45 •* 3A ^ 338 are schematic cross sections of 

FIG. 15 is also a schematic cross section of a mold ^t^ 68 ^^^..^ '° ^ i ° jeCtion m ° ldin8 
apparatus, ete., for the explanation of a step suteequeTto ° f ^ ^ m ™ b ° a - 

the step of the Ejection molding process in Example 1 DESCRIPTION OF THE PREFERRED 

^ !" EMBODIMENTS 

MO. 16 is also a schematic cross section of a mold 50 

apparatus, etc.. for the explanation of a step subsequent to present invention will be explained with reference to 

the step of the injection molding process in Example 1 Examples and drawings hereinafter, while the present inven- 

shown in FIG. 15. ^ 0B shall not be limited to these Examples. In Figures, the 

FIG. 17 is a schematic cross section of a molded article ^ rcference numeraI refers l « *e same part or compc- 

produced in Example 1. 55 nent 

FIG. 18 is a schematic cross section of a mold apparatus ^ 3 u schematic CT0SS secti o n of one 

etc., for the explanation of a step of the mjectiorTmoldine embodiment of the mold apparatus of the present invention, 
process in Example 2. The mold apparatus shown in FIGS. 3 and 4 has a mold 10 

FIG. 19 is also a schematic cross section of a mold « ""jj" ^ ^Jt' aDd * USed with an mjectio11 
apparatus, etc.. for the explanation of a^bfeqLT o * ™ 'ES^ ^V* Iatroduoed 

the step of the injection molding process in ExXle 2 1 a . m ? ,ten t rc f ° 111 ^ " wfule OT after the molten 
shown in FIG 18 F example / resin is injected into the cavity 16, and the molten resin is 

ct Pt , ft - " , ' ... . cooled and solidified in the cavity 16 to form a molded 

an ™; 20 " f 0 a sdlem auc 0055 of a mold article having a hollow structure. The mold apparatus at least 

STS^rf 6 *' rt C eXplanah0n 0f a ste P subse 1 uent to 65 has at least one plug 20, which is provided kthe dSyS 
^own^HG l7 ° n g Pr ° CeSS ta EXampk 2 andismovableneariyinparaUdwtotieflow-axisdireSion 

of the molten resin, and a plug-moving means 22 for moving 
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the plug 20. Further, the mold apparatus has a resin injection rack 50 is connected to a connecting rod 24. The pinion gear 
portion 12 for injecting a molten resin into the cavity 16 and 52 is rotated with a motor (not shown), and when the pinion 
a pressurized fluid introducing portion 14 for introducing a gear 52 is rotated, the connecting rod 24 connecting the rack 
pressurized fluid into the molten resin injected into the 50 and a plug 20 are moved. The above mold structure 
cavity 16. The plug 20 has a contact surface 20A (see FIG. 5 enables the production of a curved tube having an arc form. 
3) which is brought into contact with the molten resin. The FIG. 6 omits a cylinder 18 of an injection molding niachine. 
contact surface 20Ais generally plated with hard chromium a molded article may have an outer surface formed to 
and mirror-finished so that it has a central line average have a design or a functional portion thereon. In a mold 
roughness of 0.1 S or less. The plug 20 may be formed. e.g., apparatus shown in FIG. 7, the cavity surface of a cavity 16 
from the same material as that of the mold 10. The plug 20 xo has a concave portion 16A so that a molded article has an 
in FIG. 3 is in its backward end position, and the plug 20 in outer surface having a spiral threaded portion. In this case, 
FIG. 4 is in its forward end position. The plug 20 in its it is preferred that the outer diameter of a plug 20 be smaller 
forward end position is close to the resin injection portion than the diameter of a bottom portion of the threaded portion 
12, and is positioned facing the resin injection portion 12. of the molded article, that the length of the plug 20 be greater 
The mold apparatus shown in FIGS. 3 and 4 is provided 15 than the length of the threaded portion as a whole, and that 
with one plug 20 and one plug-moving means 22. The plug the movement distance of the plug 20 be greater than the 
20 is connected to the plug-moving means 22 with a length of the threaded portion as a whole, 
connecting rod 24 which is movable by the actuation of the FIGS. 8A, 8B, 9 and 10 show schematic cross sections of 
plug-moving means 22. The plug-moving means 22 is other embodiments of the mold apparatus of the present 
composed of, for example, a pneumatic cylinder which 20 invention. In these Figures, a cylinder 18 and a pressurized 
works, e.g., with compressed air. Reference numeral 40 fluid introducing device 14A are omitted. In the mold 
indicates a solenoid for loading the pressure of compressed apparatus shown in these Figures, a pressurized fluid intro- 
air on the plug-moving means 22, reference numeral 42 ducing portion 14 is provided apart from a resin injection 
indicates a pressure control valve, reference numeral 44 portion 12. The pressurized fluid introducing device may be, 
indicates a flow control valve for controlling the moving rate 25 f or example, a gas ejection nozzle equipped with a non- 
of the plug 20, and the actuation of the plug-moving means return valve. A cavity 16 is designed such that a molded 
22 is controlled by the solenoid 40, the pressure control article has a extended portion extending from the molded 
valve 42 and the flow control valve 44. article, and the resin injection portion 12 and the pressurized 

In FIGS. 3 and 4, reference numeral 18 is a cylinder of an fluid introducing portion 14 are provided in that portion of 
injection molding machine. The mold apparatus shown in 30 the cavity which corresponds to the above extended portion. 
FIGS. 3 and 4 has a structure in which a molten resin is The mold apparatus shown in FIG. 8Ahas two plugs 20A 
injected into the cavity 16 from the cylinder 18 of the and 20B and two plug-moving means 22A and 22B. The 
injection molding machine through the resin injection por- mold apparatus shown in FIG. 8B has one plug 20 and one 
tion 12. plug-moving means 22. The mold apparatus shown in FIGS. 

In FIGS. 3 and 4, reference numeral 14A is a pressurized 35 9 and 10 have three plugs 20A, 20B and 20C and three 
fluid introducing device. The mold apparatus shown in plug-moving means 22A, 22B and 22C, and the plugs are 
FIGS. 3 and 4 has a structure in which a pressurized fluid is connected to the corresponding plug-moving means with 
introduced into a molten resin in the cavity 16 from the connecting rods 24A, 24B and 24C which are movable by 
pressurized fluid introducing device 14A through the pres- the actuation of the corresponding plug-moving means 22A, 
surized fluid introducing portion 14 after or while the molten 40 22B and 22C. The plug-moving means is composed, eg., of 
resin is injected into the cavity 16 from the cylinder 18 of an a hydraulic cylinder which works under an oil pressure, 
injection molding machine through the resin injection por- When the mold apparatus shown in FIGS. 8A, 8B and 9 
tion 12. The form of the cavity 16 of the mold 10 defines the are used, molded articles having a T-letter shaped manifold 
outer form of a molded article. On the other hand, the cavity ^ structure shown in FIGS. 28B and 28C can be produced. The 
16 may be designed to allow a molded article to have a molded articles have a T-letter shaped hollow structure 32, 
extended portion extending from the form of the molded e.g., as a path for the flow of a fluid. When the mold shown 
article. In this case, the resin injection portion 12 and the in FIG. 10 is used, a molded article having a cross or 
pressurized fluid introducing portion 14 can be provided in shaped hollow structure shown in FIG. 17B can be pro- 
that portion of the cavity which corresponds to the extended ^ duced. The molded article has a cross or shaped hollow 
portion. And, the length of the extended portion from the structure 32, e.g., as a path for the flow of a fluid, 
molded article can be properly determined. The mold appa- ^ me mo id apparatus shown in FIGS. 3 and 4, the 
ratus shall not be limited to the above structure, and can be pressurized fluid introducing portion 14 and the resin injec- 
properiy design-changed as required. ^ on portion 12 are provided substantially in the same place. 

When the mold apparatus shown in FIGS. 3 and 4 is used, 55 In a mold apparatus shown in FIG. 11, a pressurized fluid 
there can be produced a molded article having a hollow introducing portion 14 and a resin injection portion 12 are 
structure such as a cylinder or a square pillar having a provided in different places in the mold apparatus, 
hollow structure. The injection molding process of the present invention 

FIGS. 5, 6 and 7 show schematic cross sections of other will be specifically explained with reference to Examples 
embodiments of the mold apparatus of the present invention. ^ hereinafter. 

FIG. 5 shows a mold apparatus similar to the mold ryampt f 1 

apparatus shown in FIG. 3, and the moid apparatus shown in fcXAJVU' 

FIG. 5 has a plug-moving means 22 composed of a spring. Example 1 relates to the first aspect of the injection 
FIG. 6 shows a mold apparatus having a plug-moving molding process of the present invention, and uses the mold 
means 22 composed of a rack and pinion mechanism having 65 apparatus shown in FIG. 10 for producing a molded article 
a rack 50 and a pinion gear 52. The toothed portions of the having a cross or shaped hollow structure. The molded 
rack 50 and the pinion gear 52 are omitted. One end of the article has a cross or shaped hollow structure 32 which 
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cavity 16, a pressurized fluid is introduced from the ores! Si 14 .£2T$ * Pi"* 1 fluid introducing 

sur^dfluidin^ducingportionMintothemoltenSo 5 Kl^?£S^JS^ rf ^ 

m the cavity 16. The molten resin is then w^v^ an A *il~T " um ' me P lu ^ 20A > 20B and 20C were moved with 

solidified in *e cavity 16 to^iSTjjfiS S'SfS'S ^ ^ ^ ^ 22C <"* HGS - 14 
resin 30A having the hollow structure 32 & F^mnl i •« , 4,1686 pln 8 s anived 81 their backward end 

^^*^«flte^l^5£2a£i Clf^- ^■Asaresult,ahoUowsm 1 cture32 

molten resin 30 toward its backward end position. Further - a ^ s{mzed Awd was maintained under a predeter- 

while the plugs 20A, 20B and 20C are moved, the pressur- 3f P l essure for 70 seconds m me d well period, and 

izedflm^ismjectedmtomemoltenresin30inmeca!itvl6 a me . molten r^ 11 was cooled for 20 seconds. Then, 

and finally, the plugs 20A, 20B and 20C are moved nearly » ^ 6ssu ? 2ed fluid m fte hollow structure 32 was released 

in parallel with the flow-axis direction ofthe molten resin 30 is °Sf£° thr0Ugh me P K! *uii2£d fluid introducing 

and arrive at their backward end positions during the intra- ^ °? ™ en ' Ae mali was °P ened . and a molded article 

duction of the pressurized fluid. was taken out. FIG. 17A shows a schematic cross section of 

The injection molding process in Examole 1 will be TfJ^Z? Porti ? ns Seated by chain lines in FIG. 

explained hereinafter wift referenced HgT 10 andM to IJn^l t0 ^ 3 molded fon ^ of the 

16 which show schematic ctoss sections of a 2jS 20 ?*m ? j 8 P ro *' uct 85 shown in FIG. 17B. The molded 

apparatus, etc, FIG. 1C which fa a tiiru^gchart and PIG 17 molded rt^i W " + " sn8Ded manifold structure. The 

which shows a schematic cross SlSS 3??/ ?SJK a i"? " T ^ h ° U ™ 

In FIGS. 12 to 16, the cylinder of an inie^oTm^n!; ' 8 " flow of a fluid and had an excellent 

machine, the p rc ssurize7iST S^SSStS^i ST a *f plt,8S 2 ° A > and 20C are moved 

solenoid, the pressure conlrol valve eteW?o£S* 25 ?k °^ ° f *"* pOTtion of A * 16 which 

composed of a hydraulic cylinder having a piston diameter portions indicated by toeSnTO^Sc ate £52? 
of30mm,whichwastoworkhydrauUc^ y .Thedistanceof the hollow structure 32 ! eT ^D^thfoS^^fl^ 
= ent(shd M g) O f&e P lug20Awas S etatl00rm 1 ,Tne can be reliably^ Sifyfo^ ° w ofafluid, 
distance of movement (sliding) of each ofthe plugs 20B and 30 

W «t™ 8t 50 ^ A Po'ypnenyiene sulfide resin (trade COMPARATIVE EXAMPLE 1 

plastidzed and melted in fhe cSto ^f the TiLZ T^fH^ 10 ^^^ ^ manner as in Example 1 
positions against the pressure of a molten resin to be 

injected, with the plug-moving means 22A, 22B and 22C 40 EXAMPLE 2 

was composed of a hydrau^cylindffwtsnro^Sj JSS f ^ P?** 8 ? f ^ P"* 6 " 1 inventio,, • ^ uses 8 »«« 
oil pressure of 100 a77reSg SSlSSS S^^",.™ 3 ^1 * ** ***** * 

pressure of the molten resin to be injected 45 Ca i™ oldcd """^ havin g a hoUow structure 32. 

10 (sS fig. n) ^ZST^^ m JTm ^liZ^l aoss . sec6ons of 8 mold a PP aratus - 

kgf/cm 2 . and the injection rate ^^7^ ^ s, , 5' 30(1 na 1C wmch ls 8 en 81 *- In FIGS. 18 to 21 

actuated to move the plug 20A nearly in parallel with the ^u' 

flow-axis direction of the molten resin toward its backward .^P 1 ^-™ 0 ^ means 22 was composed of a pneumatic 

end position. The plugs 20B and 20C were mLSln ^ I ■ u*™ 8 3 piSt0D of 30 ^ whicI > was to 

their forward end ^positions with the p^-^T^ * """Sf^ movement of the 

22B and22C. Aft ff me plug 20A moved at aSLS ^"f ^.^^^nim. Apolyacetalresin having a high 

distance, the movement of the plugs 20B ^ S?3r2 Tn^K^ ^ " IupitaJ F10 "' ^ 

their backward end positions was initiated wimfte pZ ^ MltSU , blShi ^notdn^ic Corp.) was 

moving means 22B and 22C P ^ P^tiazed and melted in the cylinder 18 of an injection 

moved back at a distance of 25 mm (1.6 seconds afteTAe f f ^ damped ' " Bd then ' ^ 1,16 

injection of the molten resin was imtiated) ^ 

diately after the completion of the injection of the molten ( * * )- 1116 P lu 8- mov «g means 22, which 

•v uie injection or the molten was composed of a pneumatic cylinder, was provided with 
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a compressed air pressure of 5 kgf/cm 2 . The fluid control moving means 22 (see FIG. 5). Then, the molten resin 30 
pressure of the pressure control valve 42 was set at 7 was injected into the cavity 16 through the resin injection 

portion 12 provided in the mold 10 (see FIG. 22). The 

Then,' the molten resin 30 was injected into the cavity 16 injection pressure > was j set at UOOI^ud Je injection 
through the resin injection portion 12 provided in the mold s «te was set at 70 cmWnd. The phjg 20 had^a res^g 
10 (see FIG. 18). The bjection pressure was set at 800 force agamst the pressure of the injected molten resin, 
kgf/cm 1 , andmemjectionraTwasset at 70 cmVsecond-The provided by me plug-movmg means 22 However, smce the 
SKEd a resisting force against the pressure of the force of the molten resm under the mjecttonpressure was 
gfeted molten resin, £ovided£y me plug^noving means greater than the resistor* force, ^ ^ ^ to "™ 
22. However, since the force of the molten resin under the » nearly m parallel with the flow-axis direction of the molten 
Section pressure was greater than the resisting force, the resin towardi tsbackward e^.positton under ^^ep^of 
plug 20 began to move nearly in parallel with the flow-axis the injected molten resin, which state is shown in FIG. 23. 
direction of the molten resin toward its backward end The injection of the molten resin 30 was completed 1.7 
position under the pressure of the injected molten resin, seconds after the injection of the molten resin 30 through the 
which state is shown in FIG. 19. 15 resin injection portion 12 was initiated. Immediately 

The injection of the molten resin was completed 1.7 thereafter, a pressurized fluid whkh was ; . c^sed 
seconds after the injection of the molten resin was initiated. nitrogen gas having a pressure of 100 kgf/cm was _in*o- 
Immediately teeafter, a pressurized fluid which was a duced into the ™ lten ^ n ^^*^^J" d 
compressed nitrogen gas having a pressure of 100 kgf/cm 2 ^ mtroduang portion 14. Under the pressure of the rmssuj- 
wSoduced kto the molten res* 30 through thT >res- 20 M ^ u iaa ^^^^^^ t SiSi 
surized fluid introducing portion 14, and at the same time, was further moved nearly in parallel w^ &eftaw-a*s 
mesolenoid40(s«nG.^wasswitchedtomovetheplug direction of ±e m«to n» ^fJ^f^ 
20 with the plug-moving means 22 (see FIG. 20). The plug position (see FIG. 24) Finally, the plug 20 arrived at its 
20 was fX moved and it arrived at its backward end b-We^po^^TO.l^As.t^lhehoitow 
position (see FIG. 21) by the plug-moving means 22. As a 25 structure 32 was formed in the molten resin 30. 
result, the hollow structure 32 was formed in the molten The pressurized fluid was maintained at a predetermined 
resm jo pressure for 60 seconds in the dwell period, and after the 

The pressurized fluid was maintained at a predetermined resin was cooled for a predeterrrrined period of time the 
pressur<Tfor SO seconds in the dwell period. After the resin „ ^^^^^^T!^^^^ 
was cooled for a predetermined periodof time, the pressor- 30 atmosphere through the pressurized fluid "taxtacuig pr- 
ized fluid in the hollow structure 32 was released into tion 14 Then, the mold was opened, and a molded article 
atmosphere through the pressurized fluid introducing por- was taken out The molded article had a Reared jioflow 
tion 14. Then, the mold was opened, and a molded article structure, and its outer surface had no defect caused by 
S t*H out. ^molded article had a desired hollow 3J jetting so that the molded arbcle had an excellent appear- 
structure, and its outer surface had no defect caused by ance - 

jetting so that the molded article had an excellent appear- EXAMPLE 4 



ance. 



Example 4 relates to the fourth aspect of the injection 

COMPARATIVE EXAMPLE 2 ^ molding process of the present invention, and uses a mold 

... apparatus shown in FIG. 8A for producing a molded article 

A molded ardde was produced in the same mamierasin «T ^ gtnM A T _ leto 

Example 2 except that the plug 20 was fixed m its backw^ sha ^J hollow structor ^ 32 which works, e.g., as a path for 
end position. As a result, the outer surface of the molded of ft ^ {s formed m ^ molded u 

article had defects caused by jetting. ^ Example 4, after the completion of the injection of a molten 

RX~AMPT K 3 resin 30 mto ^ c^ty 16 ^ rcsiB injecti° tt portion 

12, a pressurized fluid is introduced into the molten resin 30 

Example 3 also relates to the first aspect of the injection m the cavity 16 through the pressurized fluid introducing 

molding process of the present invention, and uses a mold portion 14, and the molten resin 30 is cooled and solidified 

apparatus of which the plug-moving means 22 is composed ^ in the cavity 16 to form a molded article of the resin 30A 

of a spring as shown in FIG. 5. having the hollow structure 32. In Example 4, during the 

The injection molding process in Example 3 will be injection of the molten resin 30 into the cavity 16, the plugs 

explained hereinafter with reference to FIGS. 5 and 22 to 25 20A and 20B are maintained in their forward end positions 

showing schematic cross sections of the mold apparatus, etc with the plug-moving means 22A and 22B, and after the 

In FIGS. 22 to 25, the cylinder of an injection molding 55 injection of the molten resin 30 is completed, the pressurized 

machine and the pressurized fluid injection device are omit- fluid is introduced into the molten resin 30 in the cavity 16, 

te £ and at the same time, the plugs 20A and 20B are moved 

The distance of movement of the plug 20 was set at 200 nearly in parallel with the flow-axis direction of the molten 

mm. Hie plug-moving means 22 was composed of a spring, resin 30 until they arrive at their backward end position 
and the spring had an energizing force of 20 kgf in the go The injection molding process in Example 4 will be 

forward end position of the plug 20 and an energizing force explained hereinafter with reference to FIGS. 8A, 26 and 27 

of 50 kgf in the backward end position of the plug 20. The which show schematic cross sections of a mold apparatus, 

same resin as that used in Example 2 was injection-molded etc., FIG. 2C which is a tuning chart and FIG. 28 which 

under the same conditions as those in Example 2. shows a schematic cross section of a molded article. 

First, the mold 10 was clamped, and before the injection 65 Each of the plug-moving means 22A and 22B was com- 

of a molten resin was initiated, the plug 20 was maintained posed of a hydraulic cylinder having a piston diameter of 30 

in its forward end position in the cavity 16 with the plug- mm, which was to work under the pressure of an oil. The 
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"T^rr * 100 U plug-moving means 22, and during the injection of the 

«f * * Owasclairn^Then.beforetheinjection molten resin, the plug 20 arrives at its backward end 

of the molten r«m was initiated, the plugs 20A and 20B position. Then, the pressurized fluid is introduced into the 
were maintained in their forward end positions in the cavity "> molten resin 30 in the cavity 16 

SH™=?™™ JSKSSS=ME!WS 

kjec^ F ^ rCSm to be pist0D ****** of 30 ™* whi <* was to work under an oil 

~~ u . pressure. The distance of movement (sliding) of the plug 20 

Then, the molten resin 30 was injected into the cavity 16 was set at 50 mm. 

/iatj _ . „ . j , "7 . * mvuy xo, me piugs ^oa and the plug-moving means 22 (see FIG 8B^ 
2©B were mamtamedin their fo^^ tJL a t ™ * 

plug-moving means 22A and 22B (see FIG 26A) u ?' resm 30 was injected into the cavity 16 

Immediately after the completion of molten reL injec- 25 SstS^^^ 

positions. nG.26Bschematican y showsastateoftheplugs Zi^ T « f • • . 
20A and 20B which were being moved and FIG 27 ^mediately after the injection of the molten resin was 
schematically shows a state where the plug's 20A and 20B 35 completed '. a pressurized fluid was introduced into the 
arrived at their backward end positions molten resm 30 through the pressurized fluid introducing 

The pressurized fluid was maintained at a nredetermin.H F^" M (SM f 0, 30A)> 71,6 F*^* 3 - ^ was main- 
pressurf for 70 second TthTS ^^SS T£ * •^fT'T 1 ** 70 SCa>nds 1,1 me 

was cooled for 10 seconds. Then me pr^u^ed fluid *"? *"* ** rcsin Was cooled for 5 

hollow structure 32 was re laud ?to!ZS^^£5 40 ^ *own in FIG. 30B. Then, the 

the pressurized fluid ImiodnSw^lS^^tiS flmd me hoUow sttucture 32 was leased into 

wasVned, and a mol^cK Utn^ut 'hgTsa Slf £?SKJ!5 introdu -S 
shows a schematic cross section of the mold^ci? j£ taie^HG m XL***? * ^ 
Portions indicated by chain lines in FIG 28 A were removed Z ™ ^ o ™ 2 schematic CTOSS sect »°» * 
to obtain a molded^article of me reskfoA aTa pS 45 ma ° b***-**™ ***** by chain lines in FIG. 
shown in FIG. 28B. The molded artidetad a T-ktterSed Xa I '""Zr ™T * m ° Wed ° f 1,16 rcsin 

manifold structure, and had a T-ietter shaned hSoVSf ,! , ?, HG - ^ ™ C moMed 31,14:16 1,3(1 a T - letter 
ture 32. e.g.. as a path for the flo^fT fluid. ^ "^f 01 ' 1 StrUcture ' «> had a T ^ **P>* »ollow 

j/ m lur ine sow 01 a nuitL structure 32, e.g., as a path for the flow of a fluid 

COMPARATIVE EXAMPLE 3 » EXAMPLE 6 

A molded article having a T-letter shaped manifold struc- p T5mn u * ~i > + +u ^ . . 
ture was produced in the same manneTas in EwnS^ Tu* ^ aSpeCt ° f m -i ection 

except that the plugs 20A and 20B were fixed inrtieiV moldin S P*** 55 of present invention, and uses a mold 
backward end po'sitfons. As a re2£ Z uSUZ 55 K^d^" t0 FT** *™ » 

structure was formed in the molded article for ./^ ducui g a *tide having a T-letter 

shaped manifold structure. A T-letter shaped hollow struc- 
EXAMPLE 5 32 ' e -g-» as a Path for the flow of a fluid, is formed in 

U1,r0dUCed Mto 0,6 m0,ten lesm 30 10 me 16 thepl U gs20Aand20Baremoved n earlymparaJlelSthe 
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flow-axis direction of the molten resin 30 with the plug- the upper cavity surface, jetting is liable to occur since a 

moving means 22A and 22B until the plugs 20A and 20B molten resin is affected by gravity when the molten resin is 

arrive at their backward end positions. injected into the cavity. The present invention uses plug(s), 

The injection molding process in Example 6 will be 50 * at a molten resin is hardly affected by gravity when the 

explained hereinafter with reference to FIGS., 8A and 31A 5 molten resin is injected into me cavity. Therefore, the resin 

and 31B which show schematic cross sections of a mold P°*°° provided in any place in a mold, 

apparatus, etc.. and FIG. 2B which is a timing chart Each of ^ * e freedom <* a "J 0 " 

me plug-moving means 22A and 2ZB was composed of a according to ttie present mvenbon, a molded 

i. j i • 1- 5 u • * ^ on article having a hollow structure can be easily and reliably 

hydraulic cylinder having a piston diameter of 30 ml produced from a synthetic resin having a high melt viscosity, 

which was to work under an ofl pressure^ The distance of 10 ^ a molded ^ hayin a hofl * w stnicture m whi( f h 

movement (sliding) of each of the plugs 20A and 20B was hoUow nave different diameters or different cross 

set at 50 mm. sections, a hollow stnicture, e.g., as a path for the flow of a 

First, the mold 10 was clamped, and then, before the fluid, can be reliably produced. Furthermore, a molded 

injection of a molten resin, the plugs 20A and 20B were article has an improved appearance. Moreover, the present 

maintained in their forward end positions with the plug- 15 invention enables the production of a molded article having 

moving means 22A and 22B (see FIG. 8A). a complicated hollow structure as one product, so that the 

Then, the molten resin 30 was injected into the cavity 16 production cost can be decreased and that the steps of 

through the resin injection portion 12 provided in the mold bonding or welding parts can be omitted The productivity is 

10. During the injection of the molten resin 30 into the cavity therefore improved. 

16, the introduction of the pressurized fluid in the molten 20 According to the present invention, there can be easily 

resin 30 in the cavity 16 was initiated (see FIG. 31A). produced a molded article having a T-letter shaped hollow 

Then, while the molten resin 30 was injected into the structure, a cross or shaped hollow structure or a more 

cavity 16 with introducing the pressurized fluid into the complicated hollow structure, e.g., as a path for the flow of 

molten resin 30 in the cavity 16, the plugs 20A and 20B were 25 a fluid. Therefore, molded articles having a hollow structure, 

moved nearly in parallel with the flow-axis direction of the produced by the present invention, can be used as a tubing 

molten resin 30 with the plug-moving means 22A and 22B member in the fields of automobiles, motorcycles, electric 

until the plugs 20A and 20B arrived at their backward end appliances, machinery construction and medicine, and inex- 

positions. The introduction of the pressurized fluid was pensive molded articles can be provided, 

continued after the completion of the injection of the molten 30 What is claimed is: 

resin 30. FIG. 3 IB shows a schematic cross section of the 1. A mold apparatus having a mold provided with a cavity, 

plugs 20A and 20B which were being moved. The state for use with an injection molding machine, for producing a 

where the plugs 20A and 20B arrived at their backward end tubular molded article having a hollow structure by intro- 

positions is almost the same as that shown in FIG. 27. during a pressurized fluid into a molten resin in the cavity 

The pressurized fluid was maintained at a predetermined 35 while or after the molten resin is injected into the cavity, and 

pressure for 80 seconds in the dwell period, and the resin coolin g ™ d sohdifying the molten resin in the cavity to form 

was cooled for 5 seconds. Then, the pressurized fluid in the a hollow structure in the tubular molded article in parallel 

hollow structure 32 was released into atmosphere through w*™ an ^ thereof, said mold apparatus comprising 

the pressurized fluid introducing portion 14. Then, the mold (A) at least one plug which is provided in the cavity of the 

was opened, and a molded article was taken out. The molded ^ mold and is movable in parallel with the axis of the 

article had a cross section as schematically shown in FIG. tubular molded article and in parallel with parting lines 

28 A. of th& mold from a forward end position to a backward 

The present invention is explained hereinabove with end position, for changing an effective volume of the 

reference to preferred Examples, while the present invention cavity, 

shall not be limited to those Examples. The structures of the 45 (B) a plug-moving means for moving the plug, 

mold apparatus, the various conditions for the injection (C) a resin injection portion for injecting the molten resin 

molding process, and the resins used in Examples are into the cavity, and 

described by way of examples, and may be changed as (D) a pressurized fluid introducing portion for introducing 

required. For example, the numbers and positions of resin the pressurized fluid into the molten resin injected into 

injection portions and pressurized fluid introducing portions so the cavity; 

are described by way of examples, and may be changed as wherein the plug has a top end portion and the plug is 

required. The plug(s) may be moved with the plug-moving positioned so that the top end portion is positioned close to 

means or may be moved with the pressure of a molten resin the resin injection portion when the plug is in the forward 

and/or a pressurized fluid introduced into the molten resin, end position. 

or may be moved with the plug-moving means and the 55 2. The mold apparatus of claim 1, wherein the plug- 
pressure of a molten resin and/or a pressurized fluid intro- moving means is composed of a hydraulic cylinder or a 
duced into the molten resin. The mold apparatus of the pneumatic cylinder. 

present invention having no pressurized fluid introducing 3. The mold apparatus of claim 1, wherein the plug- 
portion enables the production of a molded article having a moving means is composed of a spring, 
solid structure, and in this case, the occurrence of jetting in 60 4. The mold apparatus of claim 1, wherein the plug- 
a molten resin injected into a cavity can be effectively moving means is composed of a rack and pinion mechanism 
prevented. 5. Aprocess for the production of a tubular molded article 
According to the present invention, the occurrence of having a hollow structure, using an injection molding 
jetting in a molten resin injected into the cavity of a mold can machine equipped with a mold apparatus having a mold 
be effectively prevented, and, as a result, a molded article 65 provided with a cavity, said mold apparatus comprising 
having an excellent appearance can be obtained. In a con- (A) at least one plug which is provided in the cavity of the 
ventional mold apparatus having a resin injection portion on mold and is movable in parallel with an axis of the 
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tubular molded article and in parallel with parting lines 
of the mold from a forward end position to a backward 
end position, for changing an effective volume of the 
cavity, 

(B) a plug-moving means for moving the plug, 

(Q a resin injection portion for injecting the molten resin 

into the cavity, and 
(D) a pressurized fluid introducing portion for introducing 

a pressurized fluid into the molten resin injected into 

the cavity, 

wherein the plug has a top end portion and the plug is 
positioned that the top end portion is positioned close to the 
resin injection portion when the plug is in the forward end 
position, 

by introducing the pressurized fluid into the molten resin 
in the cavity of the mold throuhg the pressurized fluid 
introducing portion while or after the molten resin is 
injected into the cavity through the resin injection 
portion, and cooling and solidifying the resin in the 
cavity to form a hollow structure in the tubular molded 
article in the parallel with the axis thereof, 

said process comprising the steps of 

(a) positioning the plug in its forward end position in 
the cavity by the plug-moving means before the 
molten resin is injected, 

(b) moving the plug toward its backward end position 
in parallel with the axis of the tubular molded article 
and in parallel with the parting lines of the mold, by 
the plug-moving means or under a pressure of the 
injected molten resin, after the injection of the mol- 
ten resin is initiated, 

(c) introducing the pressurized fluid into the molten 
resin in the cavity through the pressurized fluid 
introducing portion while the plug is moving, and 

(d) moving the plug up to its backward end position in 
parallel with the axis of the tubular molded article 
and in parallel with the parting lines of the mold, by 
the plug-moving means or under the pressure of the 
molten resin and/or the pressurized fluid introduced 
into the molten resin, and then, cooling and solidi- 
fying the molten resin in the cavity to form the 
hollow structure in the resin. 

6. The process of claim 5, wherein the plug-moving 
means is composed of a hydraulic cylinder or a pneumatic 
cylinder. 

7. The process of claim 5, wherein the plug-moving 
means is composed of a spring. 

8. The process of claim 5, wherein the plug-moving 
means is composed of a rack and pinion mechanism 

9. The process of claim 5, wherein the molded article has 
a manifold structure. 

10. A process for the production of a tubular molded 
article having a hollow structure, using an injection molding 
machine equipped with a mold apparatus having a mold 
provided with a cavity, said mold apparatus comprising 

(A) at least one plug which is provided in the cavity of the 
mold and is movable in parallel with an axis of the 
tubular molded article and in parallel with parting lines 
of the mold from a forward end position to a backward 
end position, for changing an effective volume of the ^ 
cavity, 60 

(B) a plug-moving means for moving the plug, 

(C) a resin injection portion for injecting the molten resin 
into the cavity, and 

(D) a pressurized fluid introducing portion for introducing 65 
a pressurized fluid into the molten resin injected into 
the cavity. 
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wherein the plug has a top end portion and the plug is 
positioned so that the top end portion is positioned close to 
the resin injection portion when the plug is in the forward 
end position, 

by introducing the pressurized fluid into the molten resin 
in the cavity of the mold through the pressurized fluid 
introducing portion while or after the molten resin is 
injected into the cavity through the resin injection 
portion, and cooling and solidifying the resin in the 
cavity to form a hollow structure in the tubular molded 
article in parallel with the axis thereof, 
said process comprising the steps of 

(a) positioning the plug in its forward end position in 
the cavity by the plug-moving means before the 
molten resin is injected, 

(b) moving the plug toward its backward end position 
in parallel with the axis of the tubular molded article 
and in parallel with the parting lines of the mold, by 
the plug-moving means or under a pressure of the 
injected molten resin, after the injection of the mol- 
ten resin is initiated, and allowing the plug to arrive 
at its backward end position during the injection of 
the molten resin or after the injection of the molten 
resin is completed, 

(c) introducing the pressurized fluid into the molten 
resin in the cavity through the pressurized fluid 
introducing portion, and 

(d) then, cooling and solidifying the molten resin in the 
cavity to form the hollow structure in the resin. 

11. The process of claim 10, wherein the plug-moving 
means is composed of a hydraulic cylinder or a pneumatic 
cylinder. 

12. The process of claim 10, wherein the plug-moving 
means is composed of a spring. 

13. The process of claim 10, wherein the plug-moving 
means is composed of a rack and pinion mechanism. 

14. The process of claim 10, wherein the molded article 
has a manifold structure. 

15. A process for the production of a tubular molded 
article having a hollow structure, using an injection molding 
machine equipped with a mold apparatus having a mold 
provided with a cavity, said mold apparatus comprising 

(A) at least one plug which is provided in the cavity of the 
mold and is movable in parallel with an axis of the 
tubular molded article and in parallel with parting lines 
of the mold from a forward end position to a backward 
position, for changing an effective volume of the cavity, 

(B) a plug-moving means for moving the plug, 

(C) a resin injection portion for injecting the molten resin 
into the cavity, and 

(D) a pressurized fluid introducing portion for introducing 
a pressurized fluid into the molten resin injected into 
the cavity, 

wherein the plug has a top end portion and the plug is 
positioned so that the top end portion is positioned close to 
the resin injection portion when the plug is in the forward 
end position, 

by introducing the pressurized fluid into the molten resin 
in the cavity of the mold through the pressurized fluid 
introducing portion while the molten resin is injected 
into the cavity through the resin injection portion, and 
cooling and solidifying the resin in the cavity to form 
a hollow structure in the tubular molded article in 
parallel with the axis thereof, 
said process comprising the steps of 
(a) positioning the plug in its forward end position in 

the cavity by the plug-moving means before the 

molten resin is injected, 
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(b) moving the plug toward its backward end position 
in parallel with the axis of the tubular molded article 
and in parallel with the parting lines of the mold, by 
the plug-moving means or under a pressure of the 
injected molten resin and/or a pressure of the pres- 
surized fluid introduced into the molten resin, while 
the molten resin is injected into the cavity and while 
the pressurized fluid is introduced into the molten 
resin, and allowing the plug to arrive at its backward 
end position during the introduction of the pressur- 
ized fluid, and 

(c) then, cooling and solidifying the molten resin in the 
cavity to form the hollow structure in the resin. 

16. The process of claim 15, wherein the plug-moving 
means is composed of a hydraulic cylinder or a pneumatic 
cylinder, 

17. The process of claim 15, wherein the plug-moving 
means is composed of a spring. 

18. The process of claim 15, wherein the plug-moving 
means is composed of a rack and pinion mechanism. 

19. The process of claim 15, wherein the molded article 
has a manifold structure. 

20. A process for the production of a tubular molded 
article having a hollow structure, using an injection molding 
machine equipped with a mold apparatus having a mold 
provided with a cavity, said mold apparatus comprising 

(A) at least one plug which is provided in the cavity of the 
mold and is movable in parallel with an axis of the 
tubular molded article and in parallel with parting lines 
of the mold from a forward end position to a backward 
end position, for changing an effective volume of the 
cavity, 

(B) a plug-moving means for moving the plug, 

(C) a resin injection portion for injecting the molten resin 
into the cavity, and 

(D) a pressurized fluid introducing portion for introducing 
a pressurized fluid into the molten resin injected into 
the cavity, 

wherein the plug has a rod end portion and the plug is 
positioned so that the top end portion is positioned close to 
the resin injection portion when the plug is in the forward 
end position. 
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by introducing the pressurized fluid into the molten resin 
in the cavity of the mold through the pressurized fluid 
introducing portion after the molten resin is injected 
into the cavity through the resin injection portion, and 
cooling and solidifying the resin in the cavity to form 
a hollow structure in the tubular molded article in 
parallel with the axis thereof, 
said process comprising the steps of 

(a) positioning the plug in its forward end position in 
the cavity so as to allow the plug to stand against a 
pressure of the molten resin to be injected, by the 
plug-moving means before the molten resin is 
injected, 

(b) maintaining the plug in its forward end position by 
the plug-moving means during the injection of the 
molten resin through the resin injection portion, 

(c) moving the plug toward its backward end position 
in parallel with the axis of the tubular molded article 
and in parallel with the parting lines of the mold, by 
the plug-moving means or under a pressure of the 
pressurized fluid, after the injection of the molten 
resin is completed and after or before the introduc- 
tion of pressurized fluid is initiated, and allowing the 
plug to arrive at its backward end position during the 
introduction of the pressurized fluid, and 

(d) then, cooling and solidifying the molten resin in the 
cavity to form the hollow structure in the resin. 

21. The process of claim 20, wherein the plug moving 
means is composed of a hydraulic cylinder or a pneumatic 
cylinder. 

22. The process of claim 20, wherein the plug moving 
means is composed of a spring. 

23. The process of claim 20, wherein the plug moving 
means is composed of a rack and pinion mechanism. 

24. The process of claim 20, wherein the molded article 
has a manifold structure. 



